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FOREWORD 
This thesis is presented in the form of a series of 
papers some of which have already been published, 
It is prefaced by a revi ew of research on the agronomy 
and physiology of wheat yield in New Zealand, and 
concl uded wi th a general d'; scussi on, Other rel evant 
papers in which the author was a contributor may be 
found in the Appendix, 
1 
2 
CHAPTER 1 
REVIEW OF LITERATURE 
Comprehensive reviews on the physiology and development of 
wheat have recently been published by Evans and Wardlaw (1976) and 
Rawson and Bremner (1976), while Lazenby and Matheson (1975) gave 
a detailed description of wheat growing in Australia. This review 
emphasises New Zealand work on wheat, particularly those aspects 
relevant to the present study, 
1,1 YIELD COMPONENTS 
To understand the causes of variation in final grain yield, 
its components must be studied along with the growth of the crop, 
In wheat (Triticum aestivum L.) the yield components are the number 
of spikes per unit area, the number of grains per spike and the 
weight per grain. From a physiological viewpoint the number of 
grains per spike is the result of the number of spikelets and the 
number of grains produced in each spikelet, often referred to as 
grain set, each of these components being determined at a different 
stage in crop development, 
Although studies on yield components can be criticised on the 
basis that they tend to be compensatory (Adams & Grafi us 1971), such 
an analysis does define with more certainty the yield limiting 
processes in crop growth, In wheat the yield components are 
determined in overlapping sequence, and although there is consider-
able scope for compensation, the amount of scope for such compensation 
decreases wi th on togeny (Rawson & Bremner 1976), 
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The first quantitative study on flower initiation and the 
development of yield components of New Zeal and wheats was undertaken 
by Langer (1965) and Langer and Khatri (1965). Broadly speaking, 
these studies showed that for autumn-sown wheat at Lincoln the 
double-ri dge stage was reached in early-mi d September wi th ear 
emergence taking place between late October and early November 
depending on cultivan. Thus the number of spikelets per spike was 
determined by late September and the number of grains per spikelet 
over the following six weeks, with most of the grain filling occur-
ring in December and early January. Langer and Khatri (1965) also 
found that rapid stem elongation began in late September, presumably 
the time when maximum tiller numbers were present (Rawson, 1971; 
Jewiss 1972), but that a proportion of these tillers died during 
October, the survivors constituting the bulk of the final spike 
population. 
The timing of these different growth stages is criti(:_91 in 
determining the effects of both environmental factors and agronomic 
treatments on yield components. For this reason the stage of crop 
development was regularly monitored in the experiments reported in 
this thesis. 
L 2 CUL TIVARS 
In 1973 the three most conmonly grown wheat cultivars in New. 
Zeal and were Aotea, Hil gendorf and Arawa, these cul ti vars occupi ng 
44, 23 and 12% respectively of the area (1972-3 Farming Statistics). 
Two major changes have occurred since that time (Wheat Research 
Institute Bulletin 5/76). Firstly, the semi-dwarf Karamu, which was 
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released fo·r commercial production in the 1972-3 season now 
constitutes 29% of the total wheat area and secondly, Kopara accounts 
for 28% of the area. In 1976 Aotea was still the most popular 
cultivar in New Zealand occupying 32% of the area but the amount of 
Hilgendorf and Arawa had dropped to 6 and 3% respectively. 
Coles and Wrigley (1976) recently published the derivation 
of the common New Zealand cultivars. Descriptions of Hilgendorf 
(Frankel & Hullett 1948), Arawa (Copp 1956; Copp & Lobb 1956), Aotea 
(Copp 1958), Kopara (Copp 1972; Copp & Cawley 1973), and Karamu 
(McEwan et al. 1972) have been published together with information 
on some of the less conmonly used cultivars (McEwan 1959). These 
descriptions indicate that Karamu is a true spring wheat, but the 
standard New Zealand cultivars are intermediate in growth period 
and cannot be described as either true winter or spring wheats. 
Karamu and the other cultivars may be sown in either autumn or 
spring, although for spring sowing Karamu generally gives the 
highest yields" in all districts except South Otago and Southland where 
Kopara, Aotea and Takahe are the recommended cultivars (Smith 1974; 
McEwan 1975). 
The basis for the superiority in yield of spring sown Karamu 
over standard New Zealand cultivars has been attributed in part to 
its resistance to lodging on fertile soils and to its tillering 
capacity (M€Ewan & Vizer 1970), However elements et aZ. (1974) 
found that the tillering pattern of Karamu was no different to that 
of Gamenya and Triple Dirk and that the 16% higher grain yield of the 
semi-dwarf was due to a higher grain yield per spike. From their 
data it is not possible to assess whether this greater yield per 
spike was due to more spikelets or more grains per spikelet, but 
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overseas studies would suggest that both components may be involved 
where the crop is spring sown (Syme 1970; Fisher 1973). 
Douglas et al. (1971) found that Kopara gave higher grain 
yields than Aotea when autumn sown in Marlborough, Canterbury and 
South Canterbury although the physiological basis for this 
superiority was not discussed. As Kopara, Aotea and Karamu constitute 
most of the New Zealand wheat crop, these cultivars were included in 
several of the experiments described in the present study in order 
to examine the development of their yield comp0nents as affected by 
several agronomic treatments. 
1.3 EFFECTS OF NITROGEN 
The optimum growth of wheat, as of any cereal, depends on 
adequate mineral nutrition of the plant, especially that of nitrogen 
(hereafter designated N), often the most limiting nutrient and one 
which may influence all the yield components, as is now reviewed. 
Number of Spikes 
The number of ti 11 ers that survive to form spi kes at maturi ty 
can be increased either by greater production of tillers initially 
or by a higher percentage survival (Thorne 1966). N generally 
stimulates tiller production when applied before the time of rapid 
stem elongation (Langer 1959; Bremner 1969) and may a,l so result in 
increased tiller survival (Watson et al. 1958; Thorne 1962; Barley 
& Naidu 1964). 
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Number of 8pikeZets 
The development of the wheat shoot apex has been described 
by several workers (Bonnett 1936; Barnard 1955; Williams 1966; 
Fisher 1973). The beginning of the reproductive stage is indicated 
by the appearance of a double-ridge in the lower-central part of 
the apex, the upper member of which develops into a spikelet 
primordium and ultimately a spikeleto Development then proceeds 
basipetally and acropetally towards the elongating apex until it is 
halted by the appearance of the terminal spikeleto This is referred 
to as the double-ridge stageo Nitrogen supply up to and including 
the double-ridge stage has a big effect on the number of spikelets 
produced by influencing both the number of primordia present at the 
double-ridge stage and also the number that are produced subsequently 
before the formation of the terminal spikelet (Single 1964; Rawson 
1970; Lucas 1972; Langer & Liew 1973). 
Number of Grains Per SpikeZet 
The number of florets per spikelet varies between 7 and 9 and 
appears to be little influenced by nitrogen supply (Langer & Hanif 
1973), However, the number of florets that produce grain is 
markedly influenced by N supply through its effect on leaf growth 
and hence presumably the supply of assimilate (Rawson & Ruwali 
1972a, 1972b; Langer & Hanif 1973) and also because N is a major 
component of physiologically active tissue and may become limiting 
in the terminal florets within a spikelet (Bremner 1972), 
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Weight Per Grain 
The effects of N on grain size appear to be variable 
depending mainly on time of application. Application of N at 
seeding may decrease grain size (Watson 1936; Barley & Naidu 1964) 
presumably due to competition among the increased number of grains 
for assimilates and N. Increases in individual grain weight from 
late application of N have been reported by Holmes and Tahir (1956) 
and Bremner (1969). 
Effect of N on Leaf Growth 
Reference has been made previously (section 1.3) to the 
effect of N on tillering. Application of N increases the number of 
leaves mainly through its effect on the number of tillers. Syme 
(1972) showed that increasing the N supply increased the rate of 
leaf emergence as well as the total leaf number on the main stem 
of wheat while Langer (1972) showed that N may also modify the 
succession of leaf sizes on a tiller. Finally nitrogen may slow 
down the rate of leaf senescence particularly when applied late 
(Thorne 1962). The net result of the three effects described above 
is that nitrogen ~enera"y increases leaf area index (abbreviated 
to LAI) and several studies have investigated the relationship 
between leaf area and yield as reviewed by Thorne (1973). 
The effect of N in increasing vegetative growth may ultimately 
lead to increases in grain N content, due to redistribution of N 
from these vegetative organs during grain filling (Williams 1955;' 
Langer & Liew 1973). 
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Effeot of N on Grain YieZd 
The combined effects of N on the individual yield components 
are ultimately reflected in grain yield, Reviews on the use of. N 
fertilisers on wheat in New Zealand (Walker 1969; Wright 1969; 
Douglas 1970; Ludecke 1972, 1974) indicate that responses to N 
fertiliser are variable and that it is difficult to predict responses 
from previous cropping histories without reference to a soil test 
for plant available N, Ward (1971) reviewed research on the N03-N 
soil test 0f the Great Plains area of the United States, and ludecke 
(1974) using a simi1ar soil test, obtained a relationship between 
grain yield response and N03-N level in the top 60 cm 0f soil in 
. August. As N03-N is readily leached fr0m the soil by rainfall when 
the soil is at field capacity, it is not surprising that more recent 
predfctions of the response to N fertiliser have been based on the 
amount and intensity of rainfall during the cool season (Go Fey tor 
pers.- comm, ) 0 
Where nitrogen has given increases in grain yield the component 
most affected seems to be spike number (Mcleod 1973). In other cases 
N has increased spike number without causing an increase in grain 
yield due to a reduction in the number of grains per ear and grain 
weight (Drewitt & Rickard 1973)0 On unirrigated, low moisture 
retentive s011s, the lack of grain yield response to N and sometimes 
even yield depressions (Stephen 1973) have been explained on the 
basis of increased moisture stress associated with increased 
vegetative gr0wth (section 1.3), and accel erated use of soil water 
(Ludecke 1974), Although this situation pr0bably develops in some 
instances the use of irrigation and nitrogen c0mbined does not always 
give increases in grain yield (Drewitt & Rickard Zoc cit) , In an 
endeavour to explain some of these unexpected responses to N, a 
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research contract between Lincoln College and the Department of 
Scientific and Industrial Research was set up in 1970, One of the 
main aims af this contract was to investigate the effects and 
interactions of nitrogen and irrigation an wheat yield. The 
results of S0me of these experiments are reported later in this 
thesis following a review of the effects of water stress, 
1.4 EFFECTS OF WATER STRESS ON WHEAT YIELD 
It has long been recognised that soil moisture deficits during 
spring are the main limiting factor of wheat yields in Canterbury and 
the cause of much of the variation in yield between seasons (Frankel 
1935; Walker 1956). Like nitrogen, the supply of water has a. major 
influence on the development of the yield components (Salter & Goode 
1967; Fi scher 1973). 
Number @f Spikes 
Tillering in autumn wheat in Canterbury 0ccurs mainly in 
August and September (Langer & Khatri 1965), a time when it is 
highly unlikely that there is water stress. However, tiller 
survival whi,ch is determined over the f0110wing 2 m0nths is very 
sensitive to water stress even when it occurs after ear emergence 
(Barley & Naidu 1974), In spring sown crops this stress is 
accentuated as the crop has less time to develop an extensive root 
system and is developing under higher levels of solar radiation than 
autumn wheat (Drewitt & Rickard 1971), 
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Number of SpikeZets 
On an individual spike, spikelet number is determined by 
the end of September~ and like tiller number, is unlikely to be 
affected by water stress under field conditions. However, due to its 
effect on tiller survival, water stress may alter the mean spikelet 
number 1n a spike population by causing the smaller late formed 
tillers with fewer sp1kelets to die first (Bremner 1969). The net 
effect of a water stress would thus be to increase the mean number 
of spikelets per ear. 
Number of Grains Per SpikeZet 
Ft scher (1973) showed ; n a pot experi ment that gra; n yi e 1 d 
was most sensitive to plant water stress at a stage about 10 days 
before ear emergence, the number of grains per spikelet being the 
sensitive component, results similar to those found by Langer and 
Ampong (1970). Similarly, in field grown wheat in Canterbury, 
Wright (1972) found that only a few hours of severe stress 4 or 5 
days before ear emergence caused death of some upper spikelets. 
Weight Per Grain 
There is evidence that prolonged stress throughout grain 
filling almost invariably reduces grain weight (Salter & Goode 1967) 
presumably by influencing the amount of assimilate reaching the 
grain (Fisher & Kohn 1966; Fischer 1973; section 4.5), 
Effeats of Water Stress of Leaf Growth 
Leaf area is affected by water stress through its effects 
on both cell division and cell enlargement, particularly the latter 
(Hsiao 1973). Reduced cell size results in reduction in leaf area 
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and thus effective photosynthetic surface (Denmead & Shaw 1960; 
Fischer & Kohn 1966). In their review Fisher and Hagan (1965) 
concluded that this effect of water stress in reducing leaf area 
was more important than any temporary effect on phot0synthesis. 
It was also stressed that besides preventing complete development 
of leaf area~ water stress also results in an earlier senescence 
of leaves, the magnitude of this effect depending on the severity 
of stress (Fischer 1973). 
Effe~t8 on YieZd 
Prior to 1972 research into the effects of irrigation on 
wheat in New Zealand was confined to soils of low moisture retention 
and low levels of plant available soil water on the Canterbury 
Plains. Under these circumstances, yield responses to irrigation 
of winter sown wheat have ranged from 800 to 1800 kg/ha or increases 
of 23 to 149% (Drewltt 1974a, 1974b). One irrigation applied at 
the 'bootH stage was sufficient to achieve this level of response 
in five out of six seasons. The additional response to heavier 
irrigation rates averaged 260 kg/ha or 7%. With spring sown wheat 
on soils of low moisture retention such as those of the Lismore 
series, yields generally increase with increasin~ irrigation 
frequency up to three appl ications (Drewitt & Ri ckard 1971). 
On a more mOisture retentive Templeton silt loam Wilson (1974) 
found that responses from irrigation of winter sown wheat were 
small, but that spring sown wheat gave large positive responses, 
presumably because it was developing later under higher rates of 
evaporation and with a more shallow root system. 
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The yield increases attributable to irrigation on s011s of 
low moisture retention at Winchmore have been due mainly to increases 
in spike number., and to a lesser extent the number of grains per 
spike. Irrigation increased the mean grain weight of Arawa and Kopara 
substantially, but had less of an effect in Aotea (Drewitt & Rickard 
1973). In contrast~ on a moisture retentive soil type Wilson (1974) 
found that irrigation gave only a slight increase in grain size but 
had similar effects on spike number as those which occurred at 
Winchmore. 
Finally, water supply during the growing season is the major 
factor influencing the sowing rate of wheat (Rawson & Bremner 1977), 
an aspect which formed part of the pr.esent study and which is now 
reviewed. 
1.5 EFFECTS OF SOWING RATE 
Commercial sowing rates of wheat vary considerably from less 
than 40 kg/ha in Australia (Syme 1970) up to 180 kg/ha in England 
(Thorne & Blacklock 1971). Assuming a grain weight of 45 mg and 
90% field establishment these sowing rates would give populations of 
80 and 360 plants/m2 respectively. 
In South Canterbury McLeod (1960) found that maximum yields of 
winter wheat were produced by sowing at around 100 kg/ha although 
sowing rates up to 200 kg/ha did not significantly reduce yield. 
For spring wheat at Palmerston North Clements et al. (1974) found 
that sowing rates of at least 150 kg/ha were required. 
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From work with other crops in this environment (J.GoH, White 
pers, corn,) there is evidence to show that the benefits of irrigation 
are not fully exploited until greater than normal plant populations 
are establ ished. At the other extreme there. is evidence to show 
that excessive sowing rates can reduce yields mainly by causing a 
decrease in the number of grains per spikelet (Willey & Holliday 
1971), For these reasons the effect of vary; ng sGwing rate was one 
of the agronomic treatments imposed on the experiments described in 
this thesis, 
The aim of the experiments reported in this thesis was to 
examine the effects of cultivar; nitrogen, irrigation and sowing 
rate, as they influence grain yield in wheat. In the first field 
experiment, which was carried out during the 1971-2 growing season, 
irrigated Kopara wheat gave a 30% reduction in grain yield when 
high rates of N fertiliser were applied (Dougherty & Langer 1974), 
This yield depression did not appear to be caused by the treatments 
inducing water stress or lodging and Dougherty and Langer (loa ait) 
suggested that grain set may nave been restricted by the level of 
carbohydrate available for floret development during the critical 
pre-anthesis period. 
In the next season a low fert"i ty site, which had grown 
three successive cereal crops, was chosen in an endeavour to obtai n 
apositive respGnse to N fertiliser. The semi-dwarf cultivar Karamu 
had just been released to commercial growers and this was included 
in the experiment along with the two standard New Zealand cultivars 
Aotea and Arawa (Dougherty et aZ. 1974). 
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At the same time there was considerable interest in the wheat-
white clover rotation (Ryde 1965). Thus a second experiment was 
laid down in 1972 to examine aspects of the wheat-white clover 
association. This experiment was grown on a very fertile soil, as a 
concurrent objective to those described previously was to determine 
the yield components of high-yielding wheat crops. Details of the 
white clover establishment have been published (Scott 1974) while 
aspec;ts of the wheat comp.onent of the experiment are presented in 
Chapter 2. 
15 
CHAPTER 2 
WHEAT YIELD AS AFFECTED BY SOWING RATEJ IRRIGATIONJ AND 
TIME OF WHITE CLOVER INTRODUCTION* 
2.1 INTRODUCTION 
On moi sture-retentive soi 1 sin Canterbury, wi nter wheat is 
conventionally sown at 100-130 kg/ha, a sowing rate which has 
evolved through farmer experience and limited research work (McLeod 
1960). Increasing areas of wheat are being irrigated on soils of 
low moisture retention belonging to the Lismore and Eyre series 
(Drewitt 1967). Australian work indicates that higher sowing rates 
are required to exploit the benefits of irrigation (Syme 1970), but 
little information is available for New Zealand conditions. 
In Canterbury moisture-retentive soils are also used for 
intensive small seed production, especially white clover, which is 
commonly oversown with the wheat in Mayor in spring at a sowing rate 
of 2-4 kg/ha (Ryde 1965). Little agronomic research has been 
conducted on the cereal-white clover association in seed-producing 
areas, although red clover (Dougherty 1972) and lucerne (Janson & 
Knight 1973) establishment under cereals has been studied. Research 
on undersowing overseas stresses the need for lower than normal 
cereal sowing rates and sowing the legume at the same time as the 
cereal if satisfactory legume establishment is to be obtained 
(Santhirasegaram & Black 1965). Spring overdrilling of cereals. 
* W.R. Scott, C.T. Dougherty, R.:H'o;M. Langer and G,. Meijer 
N. Z. Journal, of Experimental, AgriauUure 1: 369-76 (1973). 
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appears to cause some superficial damage to the cropt but the effe~ts 
on gratn yield are unknown~ 
An experiment was designed to provide information on the 
effects of sowing rate of wheat, time of white clover introduction; 
and irrigation on the, wheat-white clover association. This paper 
presents data obtained from the wheat component of: the experiment. 
2.2 MATERIALS AND METHODS 
TriaZ Sitf3 
The experimental area was on the Lincoln Coll ege Research 
Farm on a Wakanui silt loam soil. Vining peas that occupied the 
site the previous year were sown after permanent pasture. 
ExperimentaZ Design 
A 3 x 3 x 3 factorial design with tw(!)fGld replication was 
used. Each plot measured 30 x 3 m. The three levels of wheat 
sowing rate, time of white clover introduction, and irrigation were 
as foll(!)ws: 
Sowing rate of wheat 
Time of white clover 
intr(!)duction 
Irrigation treatments 
so: 
SI: 
S2: 
TO: 
T 1: 
T 2: 
WO: 
W1: 
W2: 
50 kg/ha 
100 kg/ha 
150 kg/ha 
26.6.72 with wheat 
Overdrilled 5.~.72 
Overdrilled 8.10.72 
Not irrigated 
I rri gated to 2 week's 
after anthesis 
Irrigated to harvest 
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Wheat (Tritiaum aestivum L. cv. Aotea) was sown in 15 cm ro\>vs 
by a combine drill together with superphosphate at 250 kg/ha on 26 
June 1972. 'Grassland Huia' white clover (TPifoUum repens L.) 
planted at the same time as the wheat was broadcast behind the 
ceulters and lightly harrowed. For later times of planting the clover, 
was direct-drilled in 15 cm row,s in the same direction as the wheat 
rows. The sowing rate of clover was 3 kg/ha fo·r all times of sowing. 
In irrigated plots soil water was restored to field capacity through 
a microtube trickle system whenever soil water was depleted to -0.5 
bars according to tensiometers permanently installed in representative 
plots at depths of 30 cm. 
Measurements 
On 6 September 1972 plant numbers were counted by sampling six 
0.2m2 quadrats per plot. At monthly intervals one 0.1 m2 quaclrat 
was cut from each plot. Living tillers were counted and then 
partitioned into a "leaf" and IIstem" fraction. The "leaf" fraction 
consisted of all green laminae removed at the junction with the leaf 
sheath. The "stem" fraction consisted of all the remaining material. 
Leaf area was determined with a planimeter. After even drying at 75°C 
the separate fractions were weighed. 
2 Just before the final harvest ten 0.1 m quadrats per plot 
were cut to ground level for determination of straw yield and 
components of grain yield. Combine-harvester yields were determined 
by direct heading one 30 x 1.60. m strip down the centre of each plot. 
After machine dressing the grain was weighed and the yields were 
corrected to a moisture. content of 14%. From 1 ate October through to 
harvest, soil water content was monitored by. taking three 0-20 cm 
seil samples per plot at appraximately weekly intervals. Water 
content was c'alculated an a dry-weight basis after drying to a 
canstant weight at 105°C. 
2.3 RESULTS 
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Duri ng Octeber 74.2 mm of, rainfa 11 was recorded, well abeve 
thl;! monthly average of 42.8 mm, and it was not until 27 Octaber that 
i rri gatien became, necessary. Irri gati on was the only treatment that 
significantly affected soil-water levels, and the main effects af 
irrigation an sail-water levels, together with rainfall and irrigation 
water applied, are pre'sented in Figure 2.1. Rainfall during Navember, 
December, and January was well belaw average, and this was reflected 
in low levels of soil water in the nmn-irrigated plots. The wilting 
peint for the 0-20 cm 1 ayer ef thi s parti cular seil is 11.3% ef dry 
weight, and field capacity is 28.8%. Appreximately 4.9 cm of water 
;s available te plants in this seil layer between field capacity and 
w; Hi ng pe; nt. 
In the non-irrigated plats (Wo) seil-water levels dropped to 
near wilting paint in Nevember and, after some recovery in December, 
dropped ta wilting point again in early December, remaining near this 
level until harvest. Plots irrigated to 2 weeks after anthesis (W 1) 
had high levels of soil meisture up until late December, but were near 
w.ilting point fer most of January. The W2 treatment had high soil-
water levels right through the growing season and only dropped to 20% 
moisture at harvest time. 
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Figure 2.1 - Water inputs from rainfall and irrigation, and effects 
of irrigation on soil water content. 
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Grain Yie Us 
The main effects of the treatments on grain yield are shown 
in Table 2.1, as there were no significant interactions. 
Table 2.1 - Effect of sowing rate, time of white clover 
intreduction, and irrigation on combine grain yield 
and hand-harvested grain yield. 
Grain Yield (kg/ha) 
Treatment 
Combine Hand-harvested 
Sowing rate So 5089 6191 
SI 5889 6651 
S2 5549 6369 
Time of clover 
i ntraduction T 0 5492 6148 
Tl 5515 6514 
T2 5520 6550 
Irrigation Wo 5173 6064 
Wl 5556 6534 
W2 5797 6613 
LSP 5% 269 327 
Hand-harvested yields were consistently higher than thase 
determined by the combine harvester, but showed similar trends. 
Combine grain yields were high, theh1ghest treatment yielding 
dauble the national average of the 1970-71 growing season (N.Z. Year 
Book 1972). For the purposes of examining the effects of treatlnents 
on components of yield, only data derived from the, hand-,harvested 
quadrats will be c0nsiciered. For more practical purposes the 
combine yields should suffice. 
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A conventional sowing rate of 100 kg/ha gave the highest yield. 
At the lewer rate of 50 kg/ha, grain yields were reduced by 450 kg/ha, 
il>ut when the sowing rate was increased to 150 kg/ha there was a 
smaller depression in grain yield. Wheat which was overdrilled with 
white cl(:lVer in spring produced significantly more grain than when 
the white clover was establ ished with the wheat in June. Irrigation 
gave large and significant increases in grain yield. When the crop 
was irrigated up to 2 weeks after anthesis" grain yields were 
increased by approximately 500 kg/ha over the non-irrigated treatments. 
Conti nui ng the i rri gati en to near harvest gave a further small 
increase which failed to reach significance. 
PZant and TiUer' Number'S 
As there was no sign; fi cant interaction of trea tments en p 1 ant, 
tiller, or ear numbers, the main effects are presented in Table 2.2. 
In Table 2.2 the results of the October overdrilling and 
irrigation effects have not been included in the August and early 
October samplings, as these treatments had not been applied at the 
times of sampling. The plant population in August was almost 
linearly related to sowing rate, and differences in plant population 
caused by sowing rate were highly significant. Tiller numbers 
followed a similar trend over the growing season, so that at harvest 
ear numbers were also positively related to sowing rate, although 
not linearly. 
Up until late November, time of sowing white clover had no 
effect on tiller numbers, but by harvest, wheat which had been over-
drilled in October (T2) produced significantly more; ears. The 
increase in ear numbers produced by the September (T1) overdrilling 
Table 2.2 - Effects of wheat sowing rate, time of white clover introduction, and irrigation on plant, 
tiller, and ear numbers per m2. 
No~ Pl ants 
Treatment 
6 Sept 
Sowing rate So 111 
SI 196 
S2 276 
Time of clover 
introduction TO 192 
Tt 197 
T2 
Irri gation Wo 
W1 
W2 
LSD 5% 16 
No. ti llers 
3 Oct 25 Oct 28 Nov 
980 960 649 
1096 1027 724 
1271 1136 810 
1131 1039 722 
1106 1044 754 
1039 707 
1059 693 
1038 753 
1026 737 
146 127 86 
No. Ears at 
Harvest 
585 
678 
771 
653 
683 
697 
625 
701 
708 
30 
N 
N 
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just failed to reach significance at the 5% level. Similarly, 
irrigation had no effect on tiller numbers in the initial stages, 
but by harvest this tre~tment resulted in the production of more 
ears. When irrigation was extended to near harvest it did not add 
to the ear population. 
Ear and Gpain Size 
Main effects of treatments on grain yield per ear and 
components responsible for this yield are presented in Table 2.3. 
With every increase in sowing rate above 50 kg/ha there was a 
corresponding decline of about one spike1et per ear. Overdrilling 
in September {T1} gave a highly significant increase, but irrigation 
had no significant effect on the mean number of spike1ets per ear. 
Differences in single-grain weight caused by the three 
treatments were small put significant. The standard sowfng rate {Sl> 
produced the heaviest grain, and sowing rates above or below this 
level tended to depress single-grain weight. Although wheat over-
drilled in September (T1) produced significantly more spike1ets per 
ear than the other two times of sowing, grain weight per ear was 
not significantly different, as the T1 treatment had a significantly 
lower weight per grain. The two irrigated treatments also 
significantly reduced mean weight per grain. 
The significant S x T x W interactions in grain weight per 
ear and number of grains per ear were caused mainly by highly 
significant treatment interactions on the number of grains per 
spike1et {Table 2.4}. At all sowing rates, overdrilling had no 
effect on number 0f grains per spike1et where irrigation was 
conti nued to harves-t. In the absence of i rri gation the October 
Table 2.3 
-
Effect of sowing rate, time of white clover introduction, and irrigation on yield 
components of the ear. 
Treatment No. spikelets/ No. grains/ No. grains/ Wt/grai n Grain wt/ear 
ear spikelet ear (mg) (mg) 
Sow; ng rate So 17.7 1.38 24.5 43.6 1069 
SI J6.7 1.33 22.2 44.3 983 
S2 15.7 L20 18.8 43~9 826 
Time of clover 
i:ntroducti on TO 16,.5 1.31 21.7 44.1 958 
Tl 17.1 1.29 22.2 43.6· 969 
T2 16.-5 1.30 21.6 44.1 952 
Irrigation Wo 16.8 1.30 22.0 44.9 989 
W1 16.6 1.30 21.7 43.4 944 
W2 16.7 1.30 21.8 43.4 945 
LSD 5% 0.3 OJ14 0.6 0.5 32 
Significant Interactions None S x T x W** S x T x W* None S x T x W* 
Table 2.4 - Effects of sowing rate, time of white clover introduction, and irrigation on mean 
number of grains per spikelet. 
Sowing Rate Irrigation Time of -Clover Introduction 
So Wo 1.49 1.42 1.35 
So W1 1.41 1.30 1.39 
So W2 1.33 1.32 1.37 
SI Wo 1.26 1.36 1.32 
S 1 W2 1.38 1.27 1.28 
SI W2 1.40 1.37 1.29 
S2 Wo 1.13 1.12 1.25 
S2 W1 1.15 1.28 1.24 
52 W2 1.21 1.14 1.23 
LSD 5% between treatment means 0.12 
N 
0'1 
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overdril1ing significantly reduced the number of grains per spikelet 
at the low sowing rate, had n~ effect at the medium sowing rate, 
and gave a significant increase at the high sowing rate. Ine 
September overdrilling significantly increased the number of grains 
per spikelet only at the high sowing rate and when water was applied 
to 2 weeks after anthesis. Increases in sowing rate generally 
reduced the number of grains per spikelet. Because of this 3-factor 
interacti on, the largest ears were produced by non-irri gated wheat 
sown at the low sowing rate witnout spring overdrilling. 
PZant Height and Harvest Index 
There were no significant interactions of treatments on plant 
height or harvest index (Table 2.5). 
Plant height was not affected by sowing rate or time of white 
clover introduction, but both irrigated treatments significantly 
increased plant height by about 10 cm. Conversely, irrigation 
significantly reduced the harvest index, as did alterations in sow-
ing rate above or below 100 kg/ha. 
Leaf Al'ea Index 
The main effects of the treatments on leaf area index (LAI) 
and leaf/stem ratio are presented in Table 2.6, as there were no 
significant interactions~ 
Treatment means not included in Table 2.6 indicate that thos~ 
treatments had not been imposed at the time of sampling. In early 
Oct0ber LAI increased with increasing sowing rate, but as the season 
progressed differences tended to decrease, so that by 1 ate November 
sowing rate had no significant effect of LAI. Time of white clover 
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Table 2.5 - Main effects of sowing rate, time of white clover 
introduction, and irrigation on plant height and 
harvest index. 
Treatment 
S(!)wing rate So 
S1 
S2 
Time of clover 
introduction TO 
T1 
T2 
Irri gati on Wo 
W1 
W2 
LSD 5% 
Plant Height 
(cm) 
92.3 
91.6 
92.5 
92.0 
92.9 
91.6 
85,2 
95.3 
96.0 
2.0 
Harvest Indext 
(%) 
35.0 
36.4 
35,2 
35.7 
35.6 
35.3 
36.8 
34.8 
34.9 
1.2 
t The proportion of grain in the tota.1 above-ground weight 
(Donald 1962). 
introduction had no significant effect on LA!. Conversely, both 
irrigated treatments produced large and significant increases in 
LA! in late November, and also significantly increased the leaf/stem 
ratio. As the season progressed the leaf/stem ratio declined 
markedly. 
Table 2.6 - Main effects of sowing rate, time of white clover introduction, and irrigation on LA! 
and leaf/stem ratio. 
3 October 25 October 28 October 
Treatment LA! Leaf/stem LA! Leaf/stem LAI Leaf/stem 
Sowing rate So 1.28 1.66 3.5E 0.84 3.05 0.15 
51 1.TO 1.60 4.36 0.72 3.16 0.14 
52 2.31 1.58 4.84 0.62 2.91 0.15 
Time of clover 
introduction TO 1.85 1.66 4.27 0.67 2.90 0.15 
T1 1.72 1.61 4.23 0.79 3.14 0.15 
T2 4.28 0.72 3.08 0.14 
Irrigation Wo 2.42 0.13 
W1 3.55 0.15 
W2 3.15 0.16 
LSD 5% 0.30 0.-10 0.60 0.06 0 .. 57 0.01 
N 
ex) 
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2.4 DISCUSSION 
Sowing rates of wheat above or below 100 kg/ha resulted in 
lower yields. The low rate of 50 kg/ha reduced yield main.1y because 
of lower tiller numbers (Table 2.2). It can be calculated that at 
this sowing rate plants formed roore ears, but this campensatory 
tillering was still insufficient to offset the lower initial plant 
numbers. At all sowing rates tiller numbers reached a maximum in 
early Octooe,r,' but about 40%/of them failed to produce an ear. 
Tiller mortality appeared to be largely unaffected by sowing rate, 
but was somewhat higher than the 25% tiller mortality in the Aotea 
wheat crop analysed by Langer (1964). At the 50 kg/ha sowing rate 
tillers had larger ears with significantly more spike1ets and grains 
per ear, but the grains were smaller (Table 2.3). The increase in 
grain yield per ear did not compensate for the reduction in ejir 
numb~rs . 
The depression in grain yield caused by the' high sowing rate 
(15(1) kg/ha) had a different basis. Lower yield was primarily due to 
a drastic reduction in grain weight per ear. Ears from this treat-
ment had significantly fewer spikelets and fewer grains per spikelet, 
and these two factors resulted in a low grain number per ear (Table 
2.3). The size of grain was unaffected. Floret development was 
occurring during Octaber and early November. During this period 
crops s'own at 150 kg/ha had a higher LAl but lower leaf/stem ratio 
than those sown at lower rates (Table 2.6). The effects of sowing 
rate .on crop growth rate (CGR) and net assimilation rate (NAR) during 
this period are shown in Table 2.7, euring Octobe,r the CGR of 
the high-density crop was significantly greater than that of the low-
density crop. This clifference appeared to be due to a greater LAl 
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Table 2.7 - Effects of sowing rate on crap grawth rate and net 
assimi lation rate (gm/m2/wk). 
Sowing ~ Crop Growth Rate Net Assimilation Rate 
Rate 3 (!)ct.,25 Oct 25 Oct-28 Nov 3 Oct-25 Oct 25 Oct-28 
So 81.8 15e.6 33.9 46.5 
SI 99.0 129.3 31.7 34.8 
S2 105.2 114.3 29.4 29.5 
LSD 5% 19.6 29.8 5.7 8.3 
Nov 
giving superior light interceptian, as differences in NAR between 
sawing rates were smaller. During November the situation was reversed 
and, although all crops were subjected to increasing levels of solar 
-radiation, the CGR and NAR af the crap sown at 150 kg/ha were 
significantly lower than those of the crap sown at 50 kg/ha. This 
suggests that the high-density crap was relatively deficient in 
assimilate over this period. This growth analysis does not take into 
account any dry weight which may have been praduced by the leaf 
sheaths, as the LAlmeasured was based on lamina area alone. However, 
the data do indicate that the LAI of the high sowing, rate treatment 
was supra-optimal during November, and that early ear develapment 
under these condi ti ons was probably 1 imited by the supply of 
assimilate, a suggestion also made byWilley and Hol1iday (1971) in 
England. Using the data of Puckridge and Donald (1969), they 
suggested that low levels of carbohydrate restricted early ear 
development in high-density crops which were above the optimum leaf 
area index. In the present experiment the high mean density of ears 
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(770 per m2) did not compensate for the lower grain yield per ear. 
More work is obviously required on the carbohydrate status of wheat 
plants during ear development~ preferably in conjunction with 
detailed studies an concurrent morphological development, as many 
a~ronomic treatments tend to- alter the rate of development. 
The standard sowing rate of 100 kg/ha resulted in the highest 
yield because of its moderate density af medium-sized ears. McLeod 
(1960) shawed that maximum yields of winter wheat in Sauth Canterbury 
were produced by a sowing at araund 100 kg/ha, although sowing rates 
up t(!) 200 kg/ha did not significantly reduce yield. However, this 
sowing rate may not be optimal under all situations, as allowance 
must be made for cultivar differences in tillerin~ capacity, time of 
sowi ng, soi 1 fert i 1 Hy, and mof sture responses, as well a s the 1 arge 
differences in seed quality and size that exist both within and 
between cultivars. This difference in seed size between cultivars 
was graphically demonstrated in one of our recent trials where 
Hilgendorf and Aotea wheat were sown at 200 kg/ha and 150 kg/ha 
respectively to give the same density of viable seeds. Results af 
the present experiment also imply that plant density should be 
considered in cultivar evaluation trials if promising new lines are 
to produce at their genetic potential. 
The increase in grain yield produced by both spring over-
drilling treatments appeared to be due mainly to an increase in tiller 
survival very late in the season (Table 2.2). However, the cause of 
this increased survival remains obscure. Even more o~scure is the 
reason why the September overdril1ing gave a highly significant 
increase in the number of spi keTets per ear (Tab le 2.3). Thi s 
treatment took place while the plants were sti n vegetative, but 
32 
whether it may have caused an increase in the, number of primordia 
accumulating on the stem apex or by improving the so·il enviranment 
remains unknown. It used to be carrman farm practice in wheat-growing 
districts of New Zealand to harrow and roll autumn-sawn wheat in 
September. in an attempt to contra1 weeds (Holford 1927; Hi1gendorf 
1938), but in recent years the practice has declined. Overdrilling 
in this trial may have had an effect similar to harrowing, but the 
yield response did not appear to be due to weed control, as weed 
growth was negligible in all plots. 
Yield increases attributable to irrigation were near 500 kg/ha 
(12%) and, although substantial, were not as spectacular as those at 
Winchmore where, on lower-yielding crops, increases of up ta 150% 
have been recorded (Drewitt & Ri ckard 1970). In our experiment sail-
water levels in October, during the water-stress ... sensitive and yie1d-
determining phases of early reproductive development (Langer & Ampong 
1970), were relatively high (Fig. 2.1). However. in the mm-irrigated 
plots soil water fell to low levels in November, carresponding with 
ear emergence, and it was probably at this stage that irrigation 
played its role by increasing tiller survival (Table 2.2). Irrigation 
did not stimulate tillering but only permitted the survival of 
tillers already formed, since in late October tiller numbers were 
identical for all irrigation treatments and tillering had ceased. 
By late November tiller numbers dropped slightly in the non-irrigated 
plots, and by harvest signi.ficantly fewer ears were present. 
Irri gation through to harvest gave a small increase in the 
combine yields over that of the irrigation treatment which ceased 
soon after anthesis. At Winchmore, irrigation during the grain-
filling stages produces' only marginally more grain. The possible 
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deleterious effects of l~te irrigation on baking score have yet to 
be evaluated (Drewitt 1967). Although irrigation rai.sed grain yields, 
it also produced more straw and increased crop height by about 10 cm 
(Table 2.5). Grain y.ield was obviously less responsive to irrigation 
than vegetative yield, and this was reflected ;n the harvest index 
(Table 2.5). This effect also occurs in other wheat cultivars grown 
in this locality. 
Although the combine yields were lower than those measured by 
hand-harvesting, similar trends were apparent, and some practical 
conclusions can be drawn. When sowing rates of wheat much below 
100 kg/ha are used with the objective of aiding establishment of 
undersown white clover, wheat yields on high-fertility, moisture-
retentive soils may be reduced. However, as far as grain yields are 
concerned the time of legume introduction into the cereal can be 
delayed until early October with no deleterious effects. In dry years 
irrigation may be beneficial to wheat yields, but there is no evidence 
to suggest that higher than normal plant populations of Aotea wheat 
are required to exploit the benefits of irrigation. 
2.5 SUMMARY 
On a fertile, moisture-retentive Wakanui silt loam Aotea wheat 
sown at 100 kg/ha yielded 6650 kg/ha, considerably more than when 
sown at 50 or 150 kg/ha. Lower yields of wheat planted at the 50 
kg/ha rate were caused largely by low ear numbers, and the 150 kg/ha 
sowing rate resulted in the formation of many small ears. ~ar size 
is discussed in relation to physiological factors, including 
carbohydrate supply during early ear development. 
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Wheat overdri1led with white clover in September or October 
aut yielded wheat and clover sown together in June. Irrigation up to 
2 weeks after anthesis increased grain yield, and continuing 
irrigation through to harvest gave a further small response. Yield 
responses to irrigation w~re largely attributable to tiller survival. 
2.6 P()STSCRIPT 
The 1972-3 experiment' wi th Aotea indic,ated that at spike 
pepulations grea'ter than 700/m2 the number of grains' per spikelet 
caul d decline to such an extent that grain yi el d was reduced. It 
was postulated that this reduction was due to low levels of carbo-
hydrate in the young developing ear (section 2.4), an ass.umption 
based on the fact that the NAR af these crops was low (Table 2.7). 
A 1 imi tation af this experiment was that it involved anly one 
cul tivar, Aatea, and thus one af the aims of the 1973-4 experiment 
was ta investigate the factors affecting grain, set in a number af 
cultivars, It alsa seemed that preference shauld be given to a high 
fertility site where the spike papulation and yields would be high, 
so as to examine the apparent ne.gative relationship between spike 
population and number o.f grains per spikelet. 
The 1972-3 experiment reported by Dougherty eta~. (1974) 
showed that Nand irri gati on cau:l cl cause major di fferences in 1 eaf 
development between crops with possible effects on grain set 
(Dougherty & Langer 1974). It was therefore decided to include N 
and irrigation as treatments designed to modify grain set and to 
ana.lyse the effects of these treatments on other yiel d components. 
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Observations on the previous crops also indicated that 
agronomic treatments such as irrigation and application of N 
fertiliser could shift the timing of critical physiological events. 
It was therefore deci ded to make detailed measurements o·f crop 
development by monitoring the length and elevation of the young 
developing apex. 
Poor plant establishment of the new experiment sown in July 
1973 meant that resowing was necessary in September. Although grain 
yields were comparatively low as a result of the spring sowing, the 
experiment did provide some useful agronomic information (Dougherty 
et at. 1975b) as well as some physiological data on the relationship 
between level s of sol uble carbohydrate and grain set (Dougherty et aZ. 
1975a) • 
Overseas research had begun to focus attention on the pattern 
of grain set and grain growth within the ear (Rawson & Evans 1970; 
Walpo1e & Morgan 1970; Evans et at. 1972) and possible relationships 
between early ear development and grain set (Fisher 1973; Lupton et 
aZ. 1974). Similar investigations were carried out on the 1973-4 
experiment and these are presented in Chapters 3 and 4. 
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CHAPTER 3 
AN ANALYSIS OF A WHEAT YIELD DEPRESSION CAUSED BY HIGH 
SOWING RATE WITH REFERENCE TO THE PATTERN OF GRAIN SET 
WITHIN THE EAR* 
3.1 I NTRODUCT ION 
Most of the differences in grain yields between wheat crops 
can be accounted for by variation in ear numbers and there is usually 
an inverse relationship between ear number and grain yield per ear, 
grain number being pa.rticular1y sensitive to changes in ear density 
(Bremner 1969; Scott et al. 1973; Dougherty et al. 1974). From the 
limited evidence available, the optimum ear density for grain yield 
appears to be around 800 ears/m2. Above this level further increases 
in ear number are more than effset by reducti'ons in grain number per 
ear (Scott et at. 1973; Dougherty et al. 1974). In this paper we 
analyse a reduction in grain set attributable to high ear populations. 
3.2 MATERIALS AND METHODS 
Data for this paper were deri ved from mainstems collected 
from a large field experiment on wheat grown on the Lincoln College 
Research Farm as described in detail previously (Daugherty et al. 
1975b). 
* W. R. Scott, C. T. Daugherty, and R. H. M. Lange.r 
N. Z. Journal. of AgriC!UZtural Research 18: 209-14 (1975) 
The four treatments and their levels were as follows: 
Cultivars 
Irrigation 
Sowing rate 
Nitrogen 
fertilisation 
Co 
Cl 
C2 
Wo 
Wl 
W2 
So 
Sl 
Arawa 
Aotea 
Karamu 
0 Not irrigated 0' 
Irrigated 20 November to 
18 December 
Irri gated 3 December to 
18 December 
0 250 viable seeds/m2 (normal) 
500 viable seeds/m2 
None 
200 kg N/ha 
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Dissection and examination of apices at an early s·tage in 
their development showed that Arawa' and Aotea both produced a mean 
spikelet number of 14 and Karamu produced 15. At the early beat 
stage (Feekes 9+), anthesis (Feekes 1.0'5), and at maturity five ears 
per plot bearing the mean number of spikelets for the cultivar were 
collected. On the first two s.amplings individual spikelet weights-
were determined by cutting off the spikelets at their junction with 
the rachis, drying at 80°C, and weighing. For mature ears, single. 
grains occupying each floret position within each spikelet position 
were dissected out, dried to constant weight, and weighed. In this 
way the pattern of grain set within the ear was established. 
Spikelets and florets we·re numbered in an acropetal sequence 
(Langer & Hanif 1973.). Within the spikelet, floret pos.itions one and 
two were determined by the pattern of overlap of the glumes and by 
ref'erence to the pasi ti on ef floret 3. 
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3. 3 RESULTS-
The grain yield and its cemj)onents for the mainstem ears were 
very similar to those recorded for ears derived from the whole crop 
(Dougherty et al. 1975b). Both grain number and size were involved 
i'n several interactions (Tables 3.1, 3.2, 3.3). Karamu (C2) had 
the most grains per ear and its small superiority over Arawa (CO) 
was due to a higher number of spikelets. Aotea (Cl) ears yielded 
least because the spikelets had fewer and smaller grains; Arawa 
produced the, largest grains and Aotea the smallest, Karamu being in 
an intermediate position. Nitrogen fertilisation (N1) reduced grain 
size in all cultivars and this led to lower ear yields. 
The effect of irrigation varied with cultivar and sowing rate. 
Both irrigated treatments (W1 and W2) reduced grain yield per ear in 
Arawa and Aotea, but in Karamu they increased ear yields (Table 3.2). 
A larger reduction in grain yield caused by irrigation occurred in 
wheat grewn at the hi gh sowing rate (Sl) (Table 3.3). The early 
irrigation treatment (W 1) reduced the number 0f gr,ains per spikelet 
and grain size, although neither of these effects reached significance 
(Table 3.1). The sowing rate-nitrogen interaction for grain yield 
j)er ear is not presented in detail, as it was largely attributable 
te variations in the number of spikelets per ear (Table 3.4). 
Nitrogen (N1) increased the mean number of spikelets of main stem 
ears at the high sowing rate (Sl)' but had no effect in wheat grown 
at the law sowing rate (So). 
The reduction in grain set (no. grains/spikelet) caused by 
the high sowing rate occurred in all cultivars, but was most apparent 
for Arawa, and the responses of only this cultivar will be described 
in detail. Figure 3.1pres'ents,the:effect'of s6wing\"',ate'on the mean 
Table 3.1 - Components of grain yield for mainstem ears; 
Grain yield/ear Weight/grain No. grains No. spikelets No. grains 
(g) (mg) fear fear fspikelet 
Cultivar Co 1.42 42.6 33.4 13.8 2.38 
Cl 0.98 34.4 28.6 13.7 2.04 
C2 1034 3704 35.7 15.3 2.38 
LSD 5% 0.05 1.5 1.6 0.4 0.11 
Irrigation Wo 1.27 38.4 33.1 14.2 2030 
W1 1.22 37.7 32.4 14.3 2.25 
W2 1.24 38.2 3203 14.3 2.-24 
LSD 5% 0.05 1.5 1.6 0.4 0011 
Sowing rate So 1.30 37.9 34.0 1405 2037 
52 1.20 38.3 31.1 14.0 2.17 
LSD 5% 0004 1.2 1.2 0.3 0.09 
Nitrogen NO 1.28 39.1 32.5 14.2 2026 
NI 1.22 37.1 32.7 14.4 2.27 
LSD 5% 0.04 1.2 1.2 003 0009 
w 
Significant C x W None None N x S None ~ 
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Figure 3.1 - The effect of sowing rate and spikelet 
position on the number of grains per 
spikelet of Arawa wheat. 
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Table 3.2 - The interaction of cultivar and irrigation on grain 
yield per ear (g). 
Irri gati on 
Wo W1 W2 
Cu1tivar Co 1.50 1.38 1.38 
Cl 1.04 0.96 0.95 
C2 1.30 1.32 1.39 
LSD 5% 0.06 
Table 3.3 - The interaction of irrigation and sowing rate for 
mean grain yield per mainstem ear (g). 
Irrigation 
Sowing rate So 1.33 1.31 1.25 
S1 1.23 1.13 1.23 
LSD 5% at same sowing rate: 0.06 
LSD 5% at same irrigation treatment: 0.05 
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Table 3.4 - The interaction of nitrogen and sowing rate for the 
mean number of spikelets per mainstem ear. 
Nitrogen fertilisation 
Sowing rate So 14.54 14043 
SI 13.69 14,35 
LSD 5% 0,29 
number (!jf grains in each spikelet of Arawa, Spikelets in the low-
central position of the ear contained the most grain and those 
occupying the basal position (1-2) contained very few, Grain set in 
all spikelets was reduced in wheat grown at the high sowing rate, 
although thi s effect reached si 9ni ficance cmly in the penultimate 
spikelet (13), 
An analysis of grain set in different floret positions within 
each spikelet position revealed that florets in positions 1 and 2 
from the base within each spikelet were usually fertile and little 
affected by treatment, The fertility of florets in positions 3 and 4 
was, however, markedly a ffected by sowi ng rate as shown· in Fi gure 3.2. 
The high sowing rate treatment decreased grain set in floret 3, the 
depression being most marked and significant in those spikelets near 
the base and near the apex of the ear, Poor grain set in floret 4 
of ears grown at the high sowing rate failed to reach significance, 
but this floret made only a small contribution to grain yield per 
ear, 
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Figure 3.2 - The effect of sowing rate on the fertility of 
florets 3 and 4 at each spikelet position of 
Arawa wheat. 
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On 26 November spikelet dry weights were reduced in wheat 
grown at the high sowing rate (Fig. 3,3), At this time Arawa wheat 
was in the very early boot stage (Feekes - Large Scale 9-10) with 
the ears about 5 cm in length, Ears emerged on 3 December~ 
Shortly after peak anthesi s on 17 December dry we; ght of i ndi vi dua 1 
spikelets was unaffected by sowing rate, Differences in sowing 
rate did not appear to shift the timing of anthesis either, 
Regression analysis of the data shown in Figure 3,3 is 
presented in Figure 3,4 and Table 3.5, The linear relationships 
between pre-anthesis spikelet dry weight and final grain set were 
significant for all except the basal and terminal spikelets, 
Changes in pre-anthesis spikelet dry weight had their biggest 
effect on grain set in spikelets near the base of the ear (positions 
2 and 3) and those in the central and upper portion of the ear were 
less affected, 
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Figure 3.3 - The effect of sowing rate on spikelet weight 
in the early boot stage of Arawa wheat. 
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Figure 3.4 - The relationship between spikelet weight in 
the early boot stage and number of grains 
per spikelet for each spikelet position of 
Arawa wheat. 
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Table 305 - Linear regression analysis between spikelet weight in the early beot stage and number 
of grains per spikelet s,howing the regression constant, regression coefficient, and 
cerrelation coefficient for each spikelet positiono 
SJl)ikelet Position Constant Coeffi cl entt R2 
1 0.23 0059 ab 0.25 NoSo 
2 0099 0076 a 0054 * 
3 L70 0,46 b 0074 ** 
4 2034 0.21 c 0062 * 
5 2.60 0017 c 0058 * 
6 2078 0014 cd 0.68 ** 
7 2057 0018 c 0.64 ** 
8 2.66 0011 cd 0.50 * 
9 2.59 0.10 cd 0065 ** 
10 2026 0.17 c 0.76 ** 
11 1.98 0019 c 0.72 ** 
12 1. 96 0.15 cd 0.57 * 
13 1.82 0.10 cd O.Sl * 
14 1.69 0.06 d 0.25 N.S. 
t Regressi-on coefficients followed by the same letter do not differ significantly (P <0,05) 
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3.4 DISCUSSION 
Grain setting in wheat has been intensively studied near 
the time of anthesis by imposing such treatments as floret 
sterilisation ana differing environmental factors (Rawson & Evans 
1970; Walpole & Morgan 1973). Walpole and Morgan (1973) suggested 
that the sequence of anthesis in florets is a critical factor in 
determining which fl0,rets set grain. This sequence~ however, is 
probably a manifestation of events which have occurred during the 
previous 35 days (Langer & Hanif 1973), and this period has not been 
so intensively studied. In the present field experiment high 
sowing rate reduced spikelet dry weight at the very early boat 
stage (Fig. 3.3) and this parameter was highly correlated with 
final grain set (Fig. 3.4, Table 3.5). This fact, coupled with the 
improved grain set braught about by early thinning (Dougherty 
1975b), indicates that the initial stages of floret development may 
influence grain set. Although the spikelets measured at this early 
boot stage consisted mainly of accessory floral organs, namely 
glumes, lemmas, and paleas, Fisher (1973) has suggested that rapid 
early development of accessory floral organs leads to improved 
grain set. Similar reasoning applied to the present experiment 
might indicate that the high sowing rate reduced the early develop-
ment of accessory floral organs which was measured as reduced 
spikelet weight (Fig. 3.3) and manifesti:!d itself as reduced grain 
set (Table 3.1). 
The pattern of grain set for different spikelet positians 
within the ear of Arawa is very similar to that recorded by other 
workers with different cultivars (Rawson & Evans 1970; Walpole & 
Morgan 1973; Kirby 1974). Spikelets in the low-central position 
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of the ear contained the most grains and those at the base containe!i 
very few grains, the remaining spikelets being intermediate in 
fertility (Figo 301)0 However, it is interesting to note that the 
relative size of spikelets was determined rather early in their 
development (Figo 302)p and also differences in pre-anthesis 
spikelet weight had their biggest influence on grain set in those 
spikelets near the base of the ear~ but had very little effect in 
the terminal splkelet (Table 3.5, Fig. 3.4). 
The number of gNin-bearing florets is related to the total 
number of florets initiated and the proportions of these which 
reach a critical size for fertilisation (Langer & Hanif 1973). The 
poor grain set in spikelets near the base of the ear shown in this 
experiment and others (Rawson & Evans 1970; Langer & Hanif 1973) 
does not appear to be due to fewer florets being initiated in the 
basal spikelets, but rather due to the higher rate of floret 
degeneration which occurs in the basal spikelets (Langer & Hanif 
1973; Klrby 1974), It is our contention along with other workers 
(Willey & Holliday 1971; Bingham 1972) that supply of carbohydrate 
is one of the main factors influencing the fate of initiated floretso 
As expected it is the terminal florets which suffer in competition 
for carbohydrate (Figo 3.2) and it is possible that florets in 
position 4 fail because they are not connected directly to the 
vascular system (Hanif & Langer 1972). However, in the present 
experiment the fertility of floret 3 was also reduced by the high 
sowing rate, particularly in spikelets near the base and apex of the 
ear (Figo 302). Recently, Kirby (1974) has shown that the rate of 
·floret initiation does n0t differ between spikelets, but florets in 
spikelets near the base and apex of the ear must develop faster to 
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reach anthesis at about the same time. Presumably these rapidly 
developing florets would be the first to degenerate if the carbohyd-
rate supply was restricted (Dougherty et al. 1975a). 
In previous experiments we have tried to explain yield 
depres'sions caused by high sowing rates on the basis of carbohydrate 
deficiency during pre-anthesis floret development (Scott et 6Zl. 1973) 
and we have shawn that in high-yielding wheat crops a high sowing 
rate may produca a supra~aptimal leaf area index9 reducing the net 
assimilation rate and presumably the carbohydrate level. However, 
it seems highly unlikely that this explanation helcls entirely for 
the present experiment which was concerned with a much lower yield-
ing wheat crop with a lawer leaf area. As a result of being spring 
sown the present crop was also developing at a time in the year 
when levels of solar radiation were higher. 
It seems very likely that spring-sown wheat in Canterbury 
may be much more susceptible to physiological draught than autumn-
sawn crops. Daugherty (1973) has pointed out that autumn-sown wheat 
has a camparatively long time to develop an extensive root system 
to scavenge for s(!)i1 water and hence is less susceptible to 
physiological drought than spring Wheat, which has a much shorter 
period to develop this extensive raot system. Mutual shading 
would have occurred fi rst in plots grown at the high sowing rate, 
and the effect of shading on restricting raot development in grasses 
and cereals is well dacumented (Brouwer 1966). Recent Australian 
work has shawn that in wheat high sowing rate reduces root penetration 
mainly by restricting the growth of seminal roats (Barley et al. 
1973), In the present experiment irrigation had no effect on the 
grain set of mainstems (Tables 3.1, 3.2, 3.3) possibly because plants 
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suffering from physiological drought are not always capable of 
responding to increased supplies of soil water (Dougherty 1972). 
Wright (1972) showed that very short periods of physiological droug'ht 
during pre-anthesis floret development reduce grain set 1n this 
environment, which Fischer (1973) attributed to the producti(m of 
abnormal anthers and male sterility. It is suggested that in the 
present experiment high sow.ing rate reduced grain set by causing water 
stress and carbohydrate deficiency within the ear. 
What cloe-s appear more certai n is that the reacti ons of spring 
wheat to changes in agronomic and environmental factors are 
different from those operating in autumn sown crops. The object of 
further research should be to unravel the c0mplexities surrounding 
carbohydrate metabolism and water relationships within the young 
developing ear. 
3.5 SUMMARY 
Grain set 1n spikelets of ears was reduced in spring~sown 
wheat established at high sowing rate (500 viable seeds/m2) compared 
with wheat planted at normal rates (250 seeds/m2)~ the reduction 
being greatest in spikelets positioned near the base ancl near the 
apex of the ear. Regression analysis revealed a significant and 
posiUve relationship between final grain set and spikelet clry 
weight at the early boot stage. Poor grain set in wheat grown at 
supra-optimal seeding rates was attributed to a combination of 
reduced carbohydrate supply ancl water stress in the young developing 
ear. 
CHAPTER 4 
A COMPARISON OF THE PATTERN OF GRAIN SET IN AOTEA 
AND KARAMU WHEAT* 
4.1 INTRODUCTION 
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Karamu wheat is a New Zealand release of a semi;..dwarf hybrid 
(Lerma ROjo x Nor; n 10-Brevor 14) Andes:3, bred by the International 
Centre for maize and wheat improvement (McEwan et at. 1972). 
Extensive trials throughout New Zealand have shown Ka-roamu to be 
capable of producing very high yields particularly when spring sown 
(Smith 1974). 
The avai labl e ev; dence su.ggests that the superiority of wheats 
with Norin 10 in their ancestry lies par1;ly in their ability to 
produce more grains per ear, this being (mainly due to the production 
of more grains per spikelet (Syme 1970; Fisher 1973; Clements 
1974; Dougherty et aZ. 1974). In a recent spring-sown field 
experiment at Lincoln (Dougherty et aL, 1975b; Scott et at. 1975) s 
Karamu produced more grains per spikelet than Arawa and A<!>tea. 
Kirb-y (1974) has pointed out that in most experiments on cereal 
yield only the mean number of grains per spikelet is given or can 
be estimated and this may conceal considerable variatio'n within the 
ear. The pattern of grain set has been des,crfbed for several 
overseas cultivars (Rawson & Evans 1970; Walpole & Morg~n 1970; 
Evans et aL 1972; Kirby 1974) but apart from Arawa (Scatt et aZo 
* W.R. Scott and R.H.M. Langer 
N.Z. JeUl'naZ ef AgricuZtUl'aZ Research 20: in press (1977) 
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1975), there is no such information available for New Zealand 
cultivars. This paper compares the pattern of grain set in Karamu 
with that of a standard New Zealand wheat, Aotea. 
4.2 MATERIALS AND METHODS 
Data fo.r this paper were derived from mainstems collected 
from a large field experiment as described in detail previously 
(Dougherty et al. 1975b). Arawa, Aotea and Karamu wheat were grown 
under three irrigation regimes at two sowing rates, and with and 
without nitrogen fertil i ser, A factor; a 1 des; gn with tWlD repl i cates 
was used, makin~ a total of 24 plots for each cultivar. 
Dissection and examination of apices at an early stage in 
their development showed that Arawa and Aotea both produced a mean 
spikelet number of fourteen while Karamu produced fifteen. At 
maturity five ears per plot each bearing the mean number of splkelets 
for the cultivar were collected and single grains occupying each 
floret position within each spikelet positicm wer.e dissected out and 
dried to constant weight. Spikelets and florets were numbered in an 
acropetal sequence (Langer & Hanif 1973; Kirby 1974). 
As there were no interactions between treatments, the means 
for each cultivar are made up from a total of 120 ears. 
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4.3 RESULTS 
Only the results for Aotea and Karamu are presented in this 
paper as the pattern of grain set in Arawa has been described 
elsewhere (Scott et aZ. 1975). Direct statistical comparisons 
within each spikelet position are confounded by the fact that Karamu 
produced Gne more, spikelet than Aoteao However, standard errors 
for each position are presented and these ipdicate that within the 
ear grain number and size were most variable in the basal portion 
of the earo 
Figure 4.1 shows the pattern of grain set within the ears of 
Aotea and Karamu. The greatest number of grains per spikelet was 
found at spikelet positions 5 to 10 for Aotea and 5 to 9 for Karamu. 
Thus Karamu produced its most fertile spikelets in a slightly lower 
portion of the ear and had less of a 'fertility plateau' than Aotea. 
For all spikelet positions Karamu pr0duced more g'rains per spikelet 
than Aotea. 
A more detailed analysis of the pattern of grain set 1s 
presented by reference to floret fertility at each spikelet position. 
The pattern of grain set in florets 1 and 2 (the basal florets) f0r 
each cultivar was very similar, S0 the mean fertility of these two 
floret positions is plotted in Figure 4.2. For both cultivars the 
fertility of the basal f10rets was depressed in spikelet positions 
1 and 2, and the terminal spikelet of Aotea als0 had reduced fertilityo 
With these exceptions the basal florets within each spikelet were 
very fertile and, if anything, Aotea was slightly superi~r to 
Karamu. 
o Aotea • Karamu 
Figure 4.1 - The effect of spikelet position on the 
number of grains per spikelet of Aotea 
and Karamu wheat. 
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Figure 4.3 - The effect of spikelet position on the 
mean number of grains in florets 3 and 4 
of Aotea and Karamu wheat. 
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Differences in grain set between cultivars and among spikelet 
and floret positions were much more marked in the ca.se of florets 
3 and 4 (Fig. 4.3) where peak fertility was reached in only a few 
spikelets near the centre of the ear and declined markedly both 
bas.ipetally and acropetally. Karamu not only produced more grains 
in floret positions 3 and 4 but also showed this superior floret 
fertility in a, higher proportion of spikelets. For example floret 3 
produced some grain in 14 spikelet positions ef Karamu but only in 
10 in Aotea (Fig. 4.3). For floret 4 the propertion was 10 in Karamu 
to 5 in Aotea. For both cultivars floret 3 was much more fertile 
than floret 4 and neither cultivar produced a grain in floret 5. 
Figure 4.4 shows the distribution of mean grain size within 
ears of Aotea and Karamu. The pattern was very similar for both 
cultivars with the heaviest grains being produced over about seven 
spikelets in the centre o~ the ears. Above and below these spikelets 
mean grain size declined, with the lightest grains being formed at 
the base of the ears. Karamupraduced heavier grains than Aotea at 
all spikelet positions. 
Examination of !ijrain sizes in floret pasitions 1 and 2 (Fig. 
4.5) revealed a pattern very similar to that shown in Figure 4.4. 
In Karamu the grain in floret 2 was larger than in floret 1 for 
spikelet positions 2 to 11 inclusive. For Aotea the range was 3 to 
12. Above and below these positions the situation was reversed 
with grain fram flo·ret 1 being larger than that formed in floret 2. 
As with grain set differences among spikelet positions for 
grain weight were much more marked in the case of florets 3 and 
4 (Fig. 4.6). In all spikelets, Karamu produced heavier grains than 
Aotea in floret 3. In floret 4 Karamu shawed somewhat less of a peak 
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Figure 4.4 - The effect of spikelet position on the mean 
weight per grain of Aotea and Karamu wheat. 
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and Karamu wheat. 
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Figure 4.6 - The effect of spikelet position on the mean 
weight per grain in florets 3 and 4 of Aotea 
and Karamu wheat. 
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in its pattern of grain size distribution. The so .. called 'grains' 
from floret 4 of Atoea were all extremely light and w(I)uld hav.e been 
classed as screenings. These grains were very pinched and shrivelled 
and appeared to have been aborted shortly after anthesis. For both 
cultivars at all spikelet p(I)sitions f10ret 3 produced much heavier 
grains than floret 4. 
4.4 DISCUSSION 
Aotea and the Norin 10 derivative Karamu differed very little 
in their general pattern of grain set as shown in Figure 4.1. Both 
Fisher (1973) and Holmes (1973) found that early spikelet development 
in Norin 10 derivatives is more synchronised than in standard wheats. 
The sequence of anthests in florets and between spi kelets is a 
critical factor in determining which florets set grain (Evans et al. 
1972; Langer & Hanif 1973; Walpole & Morgan 1973). Thus, synchronised 
development should result in Norin 10 derivatives producing a number 
of spikelets of uniformly high fertility in the low-central portion 
of the ear. This did not occur in the present expe-riment (Fig. 4,1) 
and may therefore be an indication that early synchronised development 
between spikelets main.ly influences spikelet number as Karamu 
produced one more spikelet than Aotea. 
The failure of Karamu to produce a number of spikelets of 
uni formly hi gh ferti lity (Fi g, 4.1) may also mean that grain set is 
influenced more by floret development occurring between the time the 
glumes and lemmas cover the apical meristem of the spikelet and ear 
emergence, a period of about 3 weeks when the ear is elongating 
rapidly, Apart from the w0rk of Hanif and Langer (1972) and Langer 
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and Hanif (1973) this period of floret development has not been 
intensively studied due probably to the physical inaccessibility 
of the small delicate florets at this stage, Spikelet weight at 
the early boot stage (Feekes 9+) correlates well with the final 
number of grains set per sptkelet (Scott et aZ, 1975), 
On average Karamu spi kel ets contai ned more grai ns than those' 
of Aotea (Fig, 4,1) and this was because in Karamu a higher propor-
tion of florets 3 and 4 set grain (Fig, 4,3), The ability of Norin 
10 derivatives to produce a large number of' grains per spikelet is 
well documented and has been ascribed to faster rates of floral 
primordia initiation (Syme 1974) and a smaller degree of lIapical 
dominance" within the spikelet than in standard cultivars (Fisher 
1973; Holmes 1973), lIapical dominance" signifying the presumed 
holding in check of basal florets. However, this retarded 
deve 1 opment of basa 1 florets has been assumed more: than observed 
after they have been enclosed by the accessory f1 ora 1 0rgans. 
An interesting aspect of the present data is the lower grain 
set of the basal florets of Karamu compared with Aotea (Fig. 4.2), 
This reduced performance may have resulted from their assumed 
retarded development during the pre-anthesis period and this could 
be taken to support the contention of Fisher (1973) and Holmes (1973) 
that in Norin 10 derivatives the basal florets are held in check 
even after they have been enclosed by the accessory floral organs. 
The lack of difference in grain set between florets 1 and 2 
shown jointly in Figure 4.2 is in line with previous work and has been 
explained on the basis that these basal florets are fo-rmedand 
anthese at about the same time (Evans et aZ. 1972; Walpole & Morgan 
1973; Kirby 1974). In contrast, for both cultivars grain set in 
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floret 3 was considerably higher than in floret 4 and this may wel~ 
be attributed to differences in time of initiation and rate of 
development as shown by Langer and Hanif (1973). 
Grain weight differences between spikelets of both cuUivars 
were relatively small (Fig. 404) compared with the differences in 
grain set (Figo 4.1). This might indicate firstly, that grain 
filling in wheat is less affected by spikelet position than is grain 
set, and secondly, that grain yield per ear may be limited by the 
c-apacity of the ear to accumulate sites for grain filling. This 
second deduction confirms 0ur previous conclusion that in this 
environment many of the yield differences between cr0ps are caused 
primarily by grain number rather than grain size (Sc0tt et a;L 1973; 
Dougherty et aL 1974) S0 that a kn0wledge of the factors affecting 
grain set is of critical importance. 
Both Rawson and Evans (1970) and Kirby (1974) found that in 
intact ears the grain weight of floret 2 was greater than that of 
floret 1 in all spikelets except the terminal ones. This pattern 
also existed in the present experiment (Fig. 4.5) except that in the 
basal spikelet of both Aotea and Karamu the situation was- reversed 
with floret 1 producing a slightly heavier grain than floret 2. 
The reasons for these differences have been explained 0n the basis of 
differences in growth rate between florets (Rawson & Evans 1970} , 
altheugh recently Kirby (1974) has suggested that pre-anthesis 
floret growth as determined by the duration of the period of ovary 
formation may determine the potential size of the grain. Times of 
floret initiation were not rec0rded in the present experiment but 
the time between the double-ridge stage and ear emergence was very 
simi lar, being appr0ximately 37 and 39 days for Aotea and Karamu 
respectively. 
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The spring sowing in this experiment obviously favoured the 
daylength insensitive Karamu (Rawson 1971) at the expense of Aotea 
which shows some response to vernalisation and daylength (MacEwan 
1959). Stoskopf et at. (1974) in Canada concluded that low yields of 
spring wheat compared with winter wheat were due largely to a 
reduction in the number of grains per ear, which could be influenced 
either by changing spikelet number or number of grains per spikelet. 
In the Lincoln environment with winter sowing, grain weights 0f 
A0tea and Ka ramu a re si mil a r, but. gra inset in the semi -dwa rf is 
still superi or ([}ougherty et at. 1974). Thus the present compari son 
in grain set between the two cultivars when spring sown probably 
remai ns valid. 
In conclusion it can be said that the superior grain setting 
ability 0f Karamu wheat compared with Aotea is due to its ability 
to set grains in a higher proportion of florets 3 and 4, and that 
this more, than 0ffsets the reduced grain set which occurs in florets 
1 and 2. Although this study does not explain the physiological 
reasons for these differences it does suggest the need for more 
detailed studies of floret development from the time the accessory 
flora 1 organs close over the florets until about one week after ear 
emergence. This time span 0f about 3 weeks covers the most rapid 
period of ear growth which multiple regression analysis (Lupton et at. 
1974) has shown to be highly correlated with grain yield. 
4.5 SUMMARY 
The pattern of grain set and grain size distibution within 
mainstem ears of a standard New Zealand wheat Aotea was compared with 
that in a Nor;n 10 derivative Karamu when both cultivars were spring 
sown. Karamu produced one more spikelet and heavier grains than 
Aotea. The higher number of grains per spikelet produced by Karamu 
was due to superior grain set in florets 3 and 4 of the central 
spikelets. Florets 1 and 2 of Karamu spikelets had slightly lower 
fertility than those of Aotea and this was attributed to retarded 
development of the basal florets during pre-anthesis floret develop-
ment. 
4.6 POSTSCRIPT 
The studies on the pattern of grain set and grain growth of 
Aotea, Arawa and Karamu wheat both indicated that events occurring 
before anthesi s had a major infl uence on the number of grains 
produced in each spikelet. In particular, Chapter 3 showed that the 
potential number of fertile florets was probably determined even 
before ear emergence as there was a significant correlation between 
spikelet dry weight at the early boot stage and final grain number 
per spi kel et. Th; s p,re-anthesi s development appeared to be rel ated to 
the supply of carbohydrate reaching the young developing ear 
(Dougherty et aZ. 1975a) and was restricted by any treatments which 
encouraged vegetative growth. These findings were semewhat surprising 
in view of the fact that the crops were comparatively low yielding 
with restricted leaf develepment and spike populations. Physiological 
drought may have been a confounding influence in this spring sown 
crop. 
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The original objective in 1973 was to establish a potentially 
high yielding wheat crop that contained treatments which would 
modify both ear number and grain set, and to monitor the length and 
height of the apex. Owing to the failure of the autumn sowing this 
remained the mai n objecti ve for the 1974-5 season with some 
additions. The 1972-3 experiment with Aotea had demonstrated the 
importance of ear number and LA! in determining final yield but more 
information was required on the relationship between ear number, LA! 
and grain set in a high yielding crop. Rothamsted research reviewed 
by Thorne (1973) also stressed the importance of LA!, and the 
relationship between flag leaf area and grain yield, an aspect which 
had not yet been adequately researched in New Zealand. Thus for the 
1973-4 season it was decided to monitor both total leaf area and flag 
leaf area and relate these to the components of grain yield. These 
aspects are reported in Chapter 5. 
CHAPTER 5 
DEVELOPMENT AND YIELD COMPONENTS OF 
HIGH-YIELDING WHEAT CROPS* 
5.1 I NTRODUCTI ON 
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New Zealand's national average wheat yield in the 1972-73 
season was 2.98 t/ha (N.Z. Farm Production Statistics 1972-73), 
although yields of over 6 t/ha are possible und.er both commercial 
and trial-plot conditions (Scott et al. 1973). Recent research on 
high-yielding wheat crops has e,xamined the relationship between 
yield components (Fisher & Kertesz 1976) as well as leaf area 
(ThCi>rne 1973). 
There is little published infarmation avai'lable on the 
development and yield components, of high-yielding wheat crops in 
New Zealand, apart from that recarded previously by Scott et aZ. 
(1973) . Thi s paper presents data from a factori a 1 field experiment 
in which the mean wheat yield was 6.6 t/ha, more than double the 
national average. In other research conducted on this experiment, 
water and nitrogen profiles; plant water relations, and 14-C 
fixation of flag leaves were monitored at intervals. 
* W.R. Scott, C.T. Dougherty and R.H.M. Langer 
N. Z. JOUl'naZ of AgncuZtUf'aZ Reseapch 20: in press (1977). 
69 
5.2 MATERIALS AND METHODS 
Experimental techni.ques were similar to those described 
previ ously (Dougherty et a~. 1975b). A 2 x 3 x 2 x 2 factori al 
experiment: was laid out in two randomised blocks on Wakanui silt 
loam on the Lincoln College Research Farm. Previously the' site was 
in irrigated freezer peas and, before that, irrigated permanent 
pasture composed mainly of white clover and· perennial ryegrass. The 
treatments and their levels were: 
Cultivars 
Irrigation 
Nitrogen 
fertilisation 
Sowing rate 
Aotea 
Arawa 
Not irri gated 
Early irrigation 
Late i rri ga ti on 
None 
140 kg/ha 
250 vi ab 1 e seeds/m2 
500 viable seeds/m2 
The plots (30 x 3 m) were sown 22 May 1974 in 15 cm rows at 
a depth of 3 cm with superphosphate at 250 kg/ha. 
Control plots were not irrigated and, like the others, no 
attempt was made to exclude rain. Plots on the early irrigation 
schedul e were fi rst irri gated on 11 November and by the end of thi s· 
treatment on 13 December 234 nm of water had been applied. The late 
irrigation treatment started on 26 November and also ended on 13 
December after 161 mm of irrigation. Soil water content was 
determined gravimetrically at weekly intervals to a depth of 20 cm 
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and at irregular intervals to depths of 90 cm- and expressed on a dr-y-
weight basis after drying to 105°C. 
Nitrogen FertiZisation 
Nitrogen as nitrolime (26:0:0) was broadcast at 100 kg N/ha 
on 22 August on all NI treatments. Soil nitrate and ammonium levels 
were analysed routinely by T.E. Ludecke, Department of Se>il Science, 
Lincoln College. In late September these analyses revealed low 
levels o-f plant-available N te> depths of 90 cm in both unfertilised 
and fertilised plots (Table 5.1). Subsequently, on 14 October 
additional N (40 kg/ha) was applied as nitrolime to all N1 plots. 
Measurements 
On 28 June plant numbers were counted by sampling six 0.1 m2 
quadrats per plot. At fortnightly intervals starting on 12 September 
one 0.1 m2 quadrat was cut from each pla"t, living tillers were counted, 
and all green laminae removed at the junction of the leaf sheath. 
Leaf area was determined with a planimeter and leaf area index (LA!) 
calculated. The methods used for determination of grain yield have; 
been described previously (Dougherty et at. 1975b). 
5.3 RESULTS 
PZant EstabZishment 
Plant establishment caunts on 28 June showed that proportion ... 
ally fewer seeds established at the high sowing rate but there was 
no significant difference between cultivars (Table 5.2). 
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Table 5.1 - Available N (kg/ha) in soils under wheat grown with 
and without fertiliser N. 
Treatment Sei1 Zone 
(cm) 
0-20 
20-90 
0-20 
20-90 
6 August 
8 
83 
28 August 
2 
54 
28 Sept 
o 
13 
9 
41 
23 Oct 
6 
77 
27 
100 
19 Nov 
o 
o 
o 
7 
Table 5.2 - Establishment of Aotea and Arawa as affected by sewing 
rate (p1ants/m2); LSD 5%, 51. 
Mean 
236 413 325 
225 416 321 
Mean 231 415 
28 
20 
72 
I I I I I ~ LSD5% I 
'\ -.,-/~:~ 
~.- ~ .~ / .~. 
~-. 
-ea 
.... 
10.5 
16 23 
Oct 
30 6 13 20 27 
Nov 
4 11 18. 
Dec 
Figure 5.1 - Effect of irrigation and rainfall on soil water (%) 
in the 0-20 cm zone. 
~ 
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Reproductive Deve Zopment 
Nitrogen delayed ear emergence by about 3 days in both 
cultivars, hence the range shown in Table 5.3. However, the timing 
of 50% anthesis was not influenced by N. Both irri gation and 
sowing rate had no effect on the timing of these events. 
SoiZ Moisture 
In the 0-20 cm zone Wakanui silt loam has a field capacity 
of 28.8% moisture and a wilting point of 11.3% (Dougherty 1973). 
After the build-up of soil moisture over winter. all plots were near 
field capacity 1n October but, without irrigation, soil moisture 
dropped to wilting point in late November (Fig. 5.1). This drop 
in soil water level in November was prevented by early irrigation, 
and late irrigation increased soil water levels from late November 
onwards. 
Irrigation was not the only treatment that affected soil water 
1 evel s (Fi g. 5.2). Soil s fert il i sed wi th N contained about 2% less 
soil water than unfertilised plots in the 0-20 cm zone during 
November and December. 
Available soil water levels in the 60-90 cm zone were higher 
than in the 0-2 cm zone (Table 5.4). The 60-90 cm zone o.f this soil 
has a field capacity of 14.8% and a wilting point of 4.4% (J.B. 
Judd, unpublished data). 
LAI 
High sowing rate significantly increased LAI only on 12 
September and these data are not presented. However, there were 
large differences in LAI caused by cultiv~r and N (Fig. 5.3). Peak 
28 
20 
~ 
~ 
Q) 
.... 
ca 
~12 
-.-0 
en 
4 
74 
• NO & N1 
. - • /& 
-& 
LSD 5"0 I I I I I I I I 
16 23 30 6 13 20 27 4 11 18 
Oct Nov Dec 
Pigure 5.2 - Effect of nitrogen on soil water (%) of the 
0-20 cm zone. 
Table 5.3 - Timino of reoroduct1ve events 
Aotea (Co) 
Arawa (Cl) 
Double Ridge 
13 Sept 
10 Sept 
Ear Emergence 
19-21 Nov 
12-15 Nav 
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Anthesis 
26 Nov 
21 Nov 
Table 5.4 - Soil water (%) in the 60-90 cm zone (T.E. Ludecke, 
unpublished data). 
6 Aug 29 Aug 23 Se pt 23 Oct 19 Nov 
19.7 21.5 19.6 19.6 15.5 
LAI in Arawa occurred on 7 November and timing was unaffected by 
N. In Aotea peak LAI was reached on 24 October without N and a 
week earlier with N. 
-• 
8 
6 
«4 
• 
...J 
2 
eAotea 
• Arawa 
12 26 
Sept Oct Nov Dec 
Figure 5.3 - Effect of cultivar and nitrogen on LAI. 
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Grain YieZd~ Tiller, and Ear PopuZations 
Mean grain yields for both cultivars were high, Arawa 
significantly out yielding Aotea (Table 5.5). 
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Table 5.5 - Effect of cultivar, irrigation, N, and sowing rate 
on grain yields and ear population at harvest. 
Cultivar Co 
Cl 
LSD .5% 
Irrigation Wo 
W1 
W2 
LSD 5% 
Nitrogen 
LSD 5% 
Sowing rate So 
SI 
LSD 5% 
Significant interactions 
Grain yield 
(kg/ha) 
6292 
6920 
600 
6414 
6793 
6611 
735 
6038 
7174 
600 
6743 
6469 
600 
None 
No. ears/m2 
656 
539 
33 
600 
621 
572 
41 
543 
652 
33 
572 
623 
33 
C x N** 
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Irrigation and sowing rate failed to produce a significant grain 
yield response, even though high sowing rate signficiantly increased 
ear numbers. Nitrogen increased overall grain yield by 19%, but 
it affected ear number of Arawa more than Aotea (Table 5.6). 
Table 5.6 - Interaction of cultivar and N on ears/m2 ; 
LSD 5%,67. 
624 
461 
688 
617 
A similar interaction between cultivar and N also 0ccurred 
with 1 ive ti 11 er numbers (Fi g. 5.4) 1 ate in the season (19 December). 
At other times N increased tiller numbers in both cultivars. The 
timing and rate of tiller mortality differed between cultivars and 
was markedly influenced by N (Fig. 5.4). 
Yie la Components of the Ear 
Arawa produced a much larger ear than Aotea in all respects 
(Table 5.7). Arawa produced much larger grains than Aotea, but no 
agronomic treatment influenced grain weight. Thus the interaction 
between N and sowing rate on grain yield per ear was largely due to 
differences in grain number per ear, and Table 5.8 shows that 
high sowing rate reduced grain number per ear only when N was not 
applied (Table 5.9). 
1400 
1000 
N 
E 
........ 
en 
... 
.! 600 
.-
• o 
Z 
200 
eAotea 
• Arawa 
12 26 
Sept 
10 24 
Oct 
79 
-NO 
----N 1 
Harvest 
Figure 5.4 - Effect of cultivar and nitrogen on tiller and ear 
numbers. 
Table 5.7 - Effect of cultivar, irrigation, N, and sowing rate on yield components of the ear. 
No. No. No. Wt/grain Grain 
spikelets/ear grains/spikelet grains/ear (mg) wt/ear (g) 
Cu1tivar Co 17.0 1.40 23.8 40.6 0.96 
Cl 17 .5 1.61 28.1 46.2 1.29 
LSD 5% 0.27 0.16 2.8 1.45 0.11 
Irrigation Wo 17.4 1.47 25.5 43.1 1.10 
W1 17.1 1.51 25.8 43.5 1.12 
W2 17.2 1.54 26.6 43.7 1.16 
LSD 5% 0.34 0.19 3.4 1.78 0.13 
Nitrogen NO 16.7 1.56 26.2 43.6 1.14 
N1 17.7 1.45 25.8 43.2 1.11 
LSD 5% 0.27 0.16 2.8 1.45 0.11 
Sowing rate So 17 .4 1.58 27.5 44.0 1.20 
SI 17.0 1.43 24.5 42.8 L05 
LSD 5% 0.27 0.16 2.8 1.45 0.11 
Significant ihteractians c x S* N x S* N x S* None N x S* 
co 
o 
Table 5.8 - Interaction of N and sowing rate on mean number 
of grains per ear; LSD 5%, 4.0. 
29.1 25.9 
23.3 25.6 
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To aid in the interpretation of data from all the ears, the 
yield components of main-stem ears are presented in Table 5.9, 
and some differences are apparent. The interaction between irrigation 
and sowing rate on grain yield per ear was because at low sowing 
rate late irrigation reduced grain weight (Table 5.10). N had no 
effect on grain weight per ear on main stems, but it did influence 
the yield components in that the increase in spikelet number caused 
by N was offset by a significant decrease in the number of grains 
per spikelet. 
Table 5.9 - Yield c0mponents of mainstem ears. 
No. No. No. Wt/grain Grain 
spikelets/ear grains/spiKelet grains/ear (mg) wt/ear (g) 
Cultivar Co 11'.7 1.88 33.3 40.2 1.34 
Cl 18.3 2.22 40.7 46.9 1.91 
LSD 5% 0.3 0.15 2.7 1.5 0.14 
Irrigation Wo 18.0 2.11 38.0 43.9 1.68 
W1 17 .9 2.03 36.3 43.5 1.58 
W2 18.1 2.02 36.8 43.3 1.60 
LSD 5% 0.4 0.19 3.3 1.8 0.17 
Nitrogen NO 17.4 2.19 38.3 43.8 1.69 
NI 18.6 1. 91 35.7 43.4 1.56 
LSD 5% 0.3 0.15 2.7 1.5 0.14 
S0wing rate So 18.3 2.11 38.6 44.2 1.72 
SI 17.7 2.00 35.4 42.9 1.53 
LSD 5% 0.3 0.15 2.7 1.5 0.14 
Significant interactions None N0ne None I x S* W x S* ex> N 
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Table 5.10 - Interaction of irrigation and sowing rate on mean 
weight per grain (mg) for mainstem ears; LSD 5%, 
2.0. 
45.5 42.2 
44.4 42.7 
42.7 44.0 
FZag-Leaf-Area Duration 
Flag-leaf-area duration (FLAD) showed no response to 
irrigation or sowing rate, but there was a significant interaction 
between cultivar and N (Table 5.11). 
Table 5.11 - Interaction of cultivar and N on flag-leaf-area 
duration (m2 week); LSD 5%, 0.26. 
-
2.06 3.44 
1.80 3.79 
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Simple linear correlation between FLAD and grain yield showed 
a significant relationship (r = +0.53**). However; FLAD showed no 
significant c0rrelation with either grains per spikelet (r = -0,16) 
or mean grain weight (r = -0.05). 
ReZationships Between Components of YieZd 
Simple linear correlations between grain yield and its 
components revealed that both grains per spikelet and spikelets per 
ear accounted for the largest amount of variation in grain yield, 
although mean grain weight and ear number had much lawer correlation 
coefficients (Table 5.12). Grains per spikelet and mean weight per 
grain were both inversely related to ear number. 
Table 5.12 - Simple correlation matrix far components of yield. 
Companent 1 2 3 4 
1. Ears/m2 1.00 
2. Spikefets/ear +@,07 1.00 
3. Grains/spikelet -0.53** +0,23 1.00 
4. Grain weight -0.60** +0.28* +0,29* 1,00 
5, Grain yield +0.22 +0.45** +0,54** +0,24 
When fitted ag~inst grain yield by stepwise linear regression 
the components were ranked in the order shown in Table 5.13. 
Differences in grains per spikelet and ears/m2 combined accounted 
for 65% of the variation in grain yield, Inclusion of grain weight 
and spikelets per ~ar increased this figure to 90 and 94% 
respectively. 
Table 5.13 - Stepwise multiple regression of components ef 
yield. 
Variable Coefficient SE ef C(!)efficient 
(Constant - 1951.73) 
Grains/spikelet 391.32 19.10 
Ears/m2 1.13 0.06 
Grain weight 16.62 1.66 
Spikelets/ear 36.28 6.99 
5.4 DISCUSSIQN 
CuZtivars 
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Arawa produced a higher grain yield than Aotea largely 
because its larger spikelets contained heavier grains. but both 
cultivars produced very high yields (Tables 5.5, 5.7). If 97% 
plant survival is assumed, as found by Clements et at. (1974), 
it can be estimated from Table 5.2 that mainstem ears of Arawa 
produced 86% of the total grain yield, but ;n Aotea they produced 
only 69%, proportions simi lar to those found by Clements et at. 
(1974) and Ishag and Taha (1974) in much lower-yielding crops. It 
seems therefore that even in high-yielding wheat crops, mainstem 
ears still contri bute the bul k af the yi el d. 
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Peak tiller numbers in Arawa (1l03/m2) were higher than in 
Aotea (909/m2), but tiller survival was 49 and 72% respectively, so 
that Aotea produced a much hi!!jher ear papulation at harvest (Table 
5.5, Fig. 5.4), results similar to those found by Langer (1964) in 
lower-yielding crops. 
Arawa ;s generally recommended for autumn sowing under hi gh-
ferti 1 ity canditi ons (Smith 1974). In the present experiment Arawa 
was m0re responsive to N than Aotea in terms of ear numbers (Table 
5.5) and LAI in the initial stages (Fig. 5.3), but not in terms of 
grain yield (Table 5.5). These responses follow the general pattern 
frequently observed in taller wheats which have a greater capacity 
to respond to favourable conditions by increasing vegetative 
growth at the expense of reproductive growth and grain yield 
(Bougherty &' Langer 1974). 
Irrigation 
The outstanding feature of the irrigation treatments was the 
complete lack of grain yield response despite the fact that soil 
water levels in the 0-20 cm zon~ ef the centrel plots fell to low 
levels in November and December (Fig. 5.1). Previous irrigation 
trials on this soil with winter wheat have given various responses 
ranging from 30% yield depressions (Dougherty & Langer 1974) to 
12% yield increases (Scett et aZ. 1973). On a less moisture~ 
retentive Templeton soil, Wilson (1974) obtained a mean yield 
increase of 17% in winter wheat, and on shallow Lismore soils at 
Winchmore yield increases of up to 150% have been recorded on crops, 
l0wer-yieldi ng than those described here (()rewitt & Rickard 1970). 
The explanati.on for these differential responses probably lies in 
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the availability and exploitation of subsoil moisture. In the 
present experiment available subsoil moisture levels were high 
(Table 5.4) after a wet winter, and after excavation wheat roots' 
were clearly visible at a depth of 90 cm. The 60~90 cm z(!)ne (;)f 
this soil has a field capacity of 14.8% and a wilting paint of 4.4%. 
Thus even in November the water content (;)f the subsoi 1 was above 
field capacity .(Table 5.4). 
Nitrogen fertiliser significantly increased crop water use 
in November and December as evidenced by soil water content (Fig. 
5.2). In pasture species (Johns & Lazenby 1973) and lucerne (Ritchie 
& Burnett 1971) it has been found that water use is insensitive 
to changes in LAI above 3~O. LAI of unfertilised wheat in the 
present experiment fell to below 3 in early November (Fig. 5.3), 
the same time at which N depressed soil water levels (Fig. 5.2). 
Accelerated use of soil water of N-fertilisecl wheat did not 
result in any yield reduction through the process of "haying 0ff", 
but this phen0menon may explain some of the fertiliser-induced yi~ld 
depressions recorded in the past C,</alker 1969; Ludecke 1972) on 
soil s of lower water-hol cling capacity and in years when soil moisture 
deficits in the root zone induce crop water stress. 
Nitrogen and Sou.Jing Rate 
Ni trogen responses in this e-xperiment are consi stent with 
th0se in England. Watson et (J.Z. (1963) f0und that in winter wheat 
N increased the LAl and tiller number in a pattern similar to that 
described here'. However, in measuring LAI both Watson et aZ. (1963) 
and Fischer (1975) included leaf sheaths, culms, and ears, 
Fischer referring to this overall measurement as photosynthetic 
area index (PAl). Both these- authors obtained maximum PAl values 
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of about 8 near ear emergence, 50% of which was made up of laminae 
(Watson et al. 1963). If we assume that crop structure is similar, 
peak PAl values in the present experiment may have reached the very 
high value of 14 for Arawa with N (Fig. 5.3). Fischer (1975) showed 
that very high grain yields could be obtained with a PAl of 8, but 
Scott et at. {1973} showed that very high values of LAI could even 
depress grain yield. Thus it would appear the the N-induced grain 
yield response was not directly related to the increase in LA! 
attributable to increased N availability. 
In both treatments Arawa reached peak LAI at the normal 
time, around ear emergence, but in Aotea peak LAI was reached 4 and 
6 weeks before ear emergence in the NO and NI treatments respectively 
(Table 5.3, Fig. 5.3). This early reduction in LAI of Aotea, 
particularly when N was applied may have been assisted by the 
moderate infection of powdery mildew (Erysiphe graminis D.e) which 
occurred despite application of benomyl. Nitrogen caused a flush of 
tillers in early October in both cultivars at a time when tiller 
numbers were already declining in unfertilised plots (Fig. 5.4). 
It seems highly likely that these late-formed tillers died soon 
after (Bremner 1969). Available N declined markedly between 23 
October and 19 November {Table 5.1}, indicating perhaps that wheat 
at this time is capable of absorbing ammonium and nitrate N at a 
faster rate than it is made available by mineralisation. This also 
implies that nitrogen may have limited growth and yield during parts 
of early reproductive growth and development. 
Unlike some previous results (Scott et al. 1973, 1975; Dougherty 
& Langer 1974; Dougherty et al. 1975a, b) the decrease in grain set 
caused by N and high sowing rate was not sufficient to reduce overall 
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yield, which was increased 19% by N fertiliser because of its 
effect on spike population (Table 5.7). This indicates that in the 
Canterbury environment a high-yielding wheat crop can be achieved 
with only a moderate 1.5 grains per spike1et, provided that at 
least 600 ears/m2, each bearing at least 17 spike1ets, are also 
produced. 
Without detailed measurements of soil N levels such a 
dramatic grain yield increase in response to N would not have been 
predicted on this ferti1e soil cultivated out of vining peas ex. 
pasture (Wright 1969). Of the nitrogen available in August, 52 
kg/ha to a depth of 60 cm was in the nitrate form (T.E. Ludecke, 
unpublished). At this level of nitrate N, Ludeckets (1974) model 
would predict a 30% grain yield response to applied N. The increase 
was 19%, possibly because of mineralisation of organic N which 
occurred subsequently (Table 5.1). 
Relationships Between YieUi Components 
Mean weight per grain was poorly correlated with grain yield 
(Table 5.12) and, apart from differences between cu1tivars, no 
other treatment affected this component (Table 5.7). A significant 
correlation (r = +0.53**) between grain yield and FLAD has been 
found by several other workers (Fischer & Kohn 1966; Simpson 1968; 
Puckridge 1971) and initially indicates that the crops were source-
limited. During grain filling daily solar radiation levels were 
much higher (25.9 MJ/m2) than the 12-year mean (22.5 MJ/m2). This 
value is nearly do~b1e that recorded by We1bank et al. (1966) 
during grain filling in England and even higher than the 24.3 MJ/m2 
recorded for an equivalent period in Mexico by Fischer (1975). 
Gifford et al. (1973) calculated a factor to estimate the extent 
I 
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to which grain growth was limited by source. It is not possible to 
calculate the source limitation factor for the present experiment, 
but comparison of the data with those of Fisher (1975) and Welbank 
et aZ. (1966) suggests that mean weight per grain in the present 
experiment was not source-limited despite the high grain number (> 
15,000/m2). Strong supporting evidence comes from the fact that 
mean weight per grain was unrelated to FLAD (r = -0.05). The results 
therefore support the conclusion of Langer and Dougherty (1976) 
that in this environment, it is differences in grain number which 
cause the major variations in yield. 
Differences in grain number per unit area are attributable 
mainly to differences in grain number per spikelet and ears/m2 
(Tables 5.5, 5.7), and when fitted against grain yield by stepwise 
linear regression these two yield components combined accounted for 
65% of the variation in grain yield (Table 5.13). In this experiment 
the.number of ears/m2 did not contribute significantly to variations 
in yield (Table 5.12), and this supports our pr~vious conclusion 
(Scott et at. 1973) that once a yield of about 6 t/ha is approached, 
ear number becomes less important as a yield-limiting component. At 
this yield level the optimum ear pop~lation is 600-700 ears/m2, 
depending on cultivar (Table 5.5, Scott et aZ. 1973). Once this ear 
population ;s reached grain set or the number of grains per spikelet 
usually becomes an important yield-limiting factor. In the present 
experiment grains per spikelet alone was positively correlated with 
yield (r = +0.54**) but negatively correlated with ear number 
(r = -0.63**). 
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5.5 CONCLUSION 
The experiment has demonstrated that high .. yielding wheat 
crops in Canterbury result from the production of a large number of 
grains per unit area, and the mostobviaus method of achieving this 
number is by improving grain number per spikelet and maintaining 
high ear densities, perhaps by reducing tiller mortality. Wheat 
yields of Arawa and Aotea do not appear to be limited by tillering 
capacity or leaf area. 
Two practical conclusions can also be drawn. Firstly, 
irrigation of winter wheat on deep, moisture-retentive soils is 
unlikely to result in substantial increases in grain yield, 
parti cul arly in years when subsoil moi sture has been buil t up by 
heavy winter rains. Secondly, grain yield increases from N fertiliser 
may occur even on fertile soils when excessive rainfall causes 
leaching of mineral N. 
5.6 SUMMARY 
In a field experiment, Arawa wheat out yielded Aotea by 10% 
through the production of a higher grain yield per ear. Irrigation 
had no effect on grain yield because of plant uptake of subsoil 
moisture. Nitrogen increased grain yield by 19% mainly by increasing 
ear number. Sowing rate had no effect on yield. Mean yield for the 
experiment was 6.6 t/ha, the mean yield components being 600 ears/m2, 
each composed of just over 17 spikelets containing 1.5 grains, which 
weighed 43 mg. Arawa produced larger grain than Aotea; no other 
treatment influenced mean weight per grain, which was unrelated to 
flag-leaf duration. It is $ijggested that further yield increases 
will best be achieved by increasing grain number per unit area, 
probably by increasing grains per spike1et, the component most 
highly correlated with yield in this experiment. 
5.7 POSTSCRIPT 
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Up until the 1975 harvest all experiments had been carried 
out on Wakanui silt loam soils. For the 1975-6 experiment it was 
decided to move the experimental site approximately 5 km north-east 
on to a Temp1eton silt loam. Two factors influenced this decision. 
Firstly, bird damage was becoming a problem and, secondly, it was 
decided to start experimenting on a soil of lower water holding 
capacity than the Wakanui silt loam where all previous experiments 
had been carried out. By the harvest of the 1974-5 season it 
appeared that responses to nitrogen ferti 1 i ser were much more 
predictable and reliable than previously with the aid of Ludecke's 
(1974) son test for available N. The results of previous trials 
had suggested that under conditions of high natural fertility New 
Zealand wheat cu1tivars sometimes produced supra-optimal leaf 
growth, although it was not known to what extent this occurred with 
nitrogen fertiliser. Unlike in previous experiments a number of 
rates of nitrogen were applied, these rates covering those that 
were used commercially. 
By the 1975 season Kopara and Karamu were becoming more 
widely grown (section 1.2) and it was decided to compare these two 
cultivars directly under conditions of autumn sowing to examine the 
relationship between spike production and grains per spikelet. 
Previous experiments with Kopara at Lincoln (Dougherty & Langer 1974) 
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and elsewhere (Do~glas et aZ. 1971) indi~ated that the effects of N 
on grain yield of Kopara were variable so that more information of 
this aspect was required, preferably with concurrent measurements 
on levels of available soil N. It was not possible to include an 
irrigation treatment in the 1975-6 experiment as none was available 
on the site. The 1975-6 experiment is written up in Chapter 6. 
CHAPTER 6 
GROWTH AND YIELD OF KOPARA'AND KARAMU WHEAT 
UNDER DIFFERENT RATES OF NITROGEN* 
6.1 INTRODUCTION 
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Previous experiments on high yielding wheat crops (Scott et aZ. 
1973, 1977) have demonstrated the importance of grain number in 
determining yield differences, and that once an ear population of 
600/m2 is established it is variation in the number of grains per 
spikelet or grain set which influences grain number per unit area. 
While high levels of available soil nitrogen can assist in the 
establishment of high ear populations, grain set may be so reduced 
that yield reductions occur (Dougherty & Langer 1974). 
Whereas the timing and rate ofapplicatiQn of fertiliser N 
can be controlled, the supply of N from the soil is more variable and, 
until recently, has not been adequately monitored in N fertiliser 
experiments. The aim of the present experiment was to investigate 
the effects of several rates of nitrogen on the growth and yield of 
a standard New Zealand wheat Kopara, in comparison with the semi-
dwarf Karamu. 
* W.R. Scott and C.T. Dougherty 
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6.2 MATERIALS AND METHODS 
The experiment was carried out on the Lincoln College Research 
Farm on a Templeton silt loam soil. Ryegrass seed was harvested off 
the paddock th~ previous year and, before that, several successive 
cereal crops. A 2 x 4 x 2 factorial design with 3 replicates was 
used. Treatments and their l~vel s 'were as follows: 
Cultivars Co Kopara 
Cl Karamu 
Nitrogen NO Control 
N1 25 kg N/ha 
N2 50 kg N/ha 
N3 100 kg N/ha 
Sowing rate So 250 viable seeds/m2 
51 500 viable seeds/m2 
The experiment was sown on 12 June 1975 using the same plot 
size, fertiliser, pest and diseas~ control as that described 
previously (Dougherty et aZ, 1975). Nitrogen was applied as 
ammonium nitrate on 18 August. Levels of soil nitrogen and plant 
available soil moisture w~re regularly measured by Mr T.E. Ludecke 
of the Department of Soil Science of Lincoln College. 
Tiller numbers, leaf area and final yield components were 
measured as described previously (Dougherty et aZ. 1975; $cott et aZ. 
1977) and grain yields expre~sed at 14% moisture. 
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6.3 RESULTS 
Rainfall during August, October and November was above average 
and maintained the soil well above wilting point throughout the 
growth of the crop (T.E. Ludecke, unpublished data). Thus, it is 
unlikely that water stress sufficient to reduce grain yield was 
caused by soil water deficits. Early reproductive development was 
about one week later than normal (Table 6.1). 
Table 6.1 - Timing of key physiological events. 
Double Ridge Ear Emergence Anthesis 
Kopara 26 Sept 27 Nov 7 Dec 
Karamu 19 Sept 6 Nov 13 Nov 
Levels of available soil N (Table 6.2) were increased by 
the addition of nitrogen fertiliser but the differences between 
rates had disappeared by December. As expected nitrogen had a big 
influence on the growth of the crop and more than doubled peak 
LA! (Fig. 6.1). Peak tiller numbers were increased by 50% (Fig. 6.2) 
and a high proportion of these survived so that by harvest the 
highest rate of N (N3) gave a 44% increase in the number of ears 
(Table 6.3). 
Mean grain yield for the experiment was moderately high 
being just over 6 t/ha (Table 6.3) with nitrogen having the 
biggest effect of all the treatments, the response being linear up 
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Figure 6.2 - Effect of rates of nitrogen on tiller and 
ea r numbers. 
Table 6.2 - levels of available soil N (kg/ha) in the 0-90 cm zone. 
N 
Treatment 
T.E. ludecke (unpublished data) 
Date: 14/7 6/8 15/9 
58 44 71 
24/9 9/10 23/10 
48 85 48 
86 61 30 
158 93 45 
133 77 66 
6/11 20/11 4/12 
19 23 20 
24 35 o 
47 51 14 
45 64 15 
Table 6.3 - Effects of cultivar, nitrogen, and sowing rate on components of grain yield. 
Grain Yield No. ears/m2 No. No. No. Mean Grain (kg/ha) spikelets/ear gra; ns/ spi ke 1 et grains/ear wt/grain wt/ear 
Kopara 6067 411 18.1 1.87 34.0 44 A) 1.50 
Kar-amu 5962 426 17.6 1.84 32.6 43.2 1.41 
LSD 5% 410 35 0.2 0.11 2.0 0.8 0.10 
NO 4620 356 16.9 1.81 30.7 43.9 1.35 
NI 5177 375 17 .5 1.81 31.8 44.4 1.41 
N2 6443 431 18.3 1.86 34.2 44.0 1.50 
N3 7818 512 18.7 1.96 36.6 42~2 1.54 
LSD 5% 580 50 0.3 0.16 2.8 1.1 0.14 
So 6079 384 18.1 1.99 36.1 44.2 1.59 
SI 5950 453 17 .6 1.72 30.5 43.1 1.31 
LSD 5% 410 35 0.2 0.11 2.0 0.8 0.10 
Interactions None None C x N* None None None None 
....... 
0 
0 
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to 100 kg/ha of N. Apart from increasing ear number, nitrogen 
also increased spikelet number and grain number per spikelet result-
ing in up to 6 more grains/ear, although the highest rate of N 
significantly reduced mean weight/grain. 
There was no significant difference between cultivars with 
regard to total grain yield and although Karamu (Cl) produced 
slightly smaller grains than Kopara (CO), Kopara produced more 
spi,kelets/ear than Karamu in response to nitrogen (Table 6.4). 
Table 6.4 - The interaction of cultivar and nitrogen on mean 
number of spikelets/ear; LSD 5%t 0.3. 
16.8 17.8 18.8 19.1 
17.0 17.2 18.0 18.3 
As with differences between cultivars, sowing rate had no 
effect on total grain yield despite its influence on some of the 
yield components. The increase in ear number produced by the high 
sowing rate (Fig. 6.2, Table 6.3) was offset by a decrease in spikelet 
number, grains/spikelet and mean grain weight. 
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ReZationships Between Components of YieZd 
The simple linear correlations presented in Taple 6.5 showed 
that ears!m2 and spikelets/ear accounted for most of the variation 
in grain yield. When fitted against grain yield by stepwise 
linear regression the components were ranked in the order shown in 
Table 6.6 with differences in spikelets/ear and ears/m2 combined 
accounting for 83% of the variation in grain yield, When grains! 
spikelet and grain weight were inclu~ed this figure was increased to 
94 and 96% respectively. 
Table 6.5 - Simple correlation matrix for components of yield. 
Component 1 2 3 4 
l. Ears/m2 1.00 
2. Spikelets/ear +0.45** 1.00 
3. Grains/spikelet -0.34* +0.34* 1.00 
4, Grain weight -0.69** -0.10 NS +0.32* 1.00 
5. Grain yield +0.76** +0.79** +0.28 NS -0.36* 
103 
Table 6.6 - Stepwise multiple regression of components of yield. 
Variable Coefficient S.E. 
Constant: -1796.56 
Spikelets/ear 39.75 7.11 
Ears/m2 1.43 0.09 
Grains/spikelet 269.11 24.45 
Grain weight 13.44 3.95 
6.4 DISCUSSION 
The results of the present experiment and those reported 
previously (McEwan et at. 1972; Dougherty ~t al. 1974; 1975) suggest 
that at Lincoln, Karamu is superior to New Zealand-bred cultivars 
only when spring sown. In Australia semi-dwarf wheats are more 
responsive to applied nitrogen (Beech & Norman 1968; Syme et at. 
1976) although this does not appear to be the case in the United 
Kingdom (Thorne & Blackloc~ 1971). Previous New Zealand work 
(Dougherty et al. 1974; 1975b), together with this experiment. 
indicate that Karamu is no more responsive to nitrogen than 
standard New Zealand cultivars, 
Both cultivars gave linear grain yield responses up to the 
highest rate of N applied (100 kg/ha), a rate which is high by 
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commercial standards. On 15 September 1975, 24 kg N/ha was available 
in the top 60 cm soil (T.E. Ludecke, unpublished data). From this 
figure Ludecke's (1974) model would predict a grain yield response 
greater than 50% to an application of 40 kg N/ha. The actual 
response was about 35%. 
From a physiological viewpoint the most interesting aspect of 
the data is the fact that yields in excess of 6 t/ha Were obtained 
from a very low LA! of 3 (Table 6.3, Fig. 6.1) or the equivalent 
of a photosynthetic area index of 6 (Watson et at. 1963; Fischer 1975). 
The 1975-76 season was generally wetter and cooler than average 
(Lucas et al. 1976) and this may have restricted leaf growth (Friend 
1966). These high yields were obtained from a moderate population 
of about 500 ears/m2 each bearing less than 19 spikelets (Tab1e 6.3). 
However, the mean number of grains per spike1et was very high at 1.96 
and, unlike previous experiments (Dougherty et al. 1975; Scott et al. 
1977), was increased by the application of nitrogen fertiliser 
(Table 6.3). 
The number of grains/spikelet appeared to be closely related 
to the level of available N in the soil during pre-anthesis floret 
development in November (Table 6.1, 6.2). These results reinforce 
our view, expressed previously (Scott et al. 1973; 1977), that the 
leaf area of many wheat crops is supra-optimal so that attempts to 
increase yield by irrigation or nitrogen applications leads to 
further leaf growth and depressions in grain yield because of reduced 
grain set. Unfortunately, obtaining a high ear population and low 
LA! under conditions of adequate levels of soil N, as in.this 
experiment, could prove very difficult to reproduce in practice as 
the objectives seem mutually exclusive. A possible alternative is 
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for plant breeders to select for less leafy cl,Jltivars, a suggestior 
also made by Donald (1968). 
The mean ear population for the experiment was 419/m2 and 
was highly correlated (r = +0.76**) with yield, suggesting that 
yielas may have been increased even further with a higher ear 
population. Previous experiments in this environment have indicated 
that 600-800 ears/m2 is about optimal (Scott ~t aZ. 1973; 1977), 
However, the high yields obtained in the present experiment, with 
this moderate ear density, reflect the plasticity and partial 
compensation that exists between the yield components of wheat. 
In practical terms it seems that profitable responses to high 
rates of nitrogen may be obtained from wheat and that Ludecke's 
(1974) model gives a reasonably accurate prediction of these responses. 
However there is no evidence to suggest that Karamu is more 
responSive to nitrogen than the standard cultivars Aotea and Kopara. 
6,5 SUMMARY 
Autumn-sown Kopara and Karamu wheat (Triticum aestivum L.) 
gave linear responses in grain yielc\ to rates of nitrogen up ta 
100 kg/ha. There was no evidence to show that the semi-dwarf Karamu 
responded more to nitrogen than Kopara. Yields in excess of 6 t/ha 
were obtained with peak LAI values of 3 and ear populations of 
500/m2 due to the production af many grains per spikelet. These 
results are discussed in relation to wheat breeding. 
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CHAPTER 7 
GENERAL DISCUSSION 
7.1 YIELD COMPONENTS 
To understand the causes of differences in grain yield it is 
necessary not only to divide yield into its various components but 
also define the time period over which the components are determined. 
In this way the effects of both envirl)nmental factors and agronomic 
treatments applied at different times become more meaningful. In 
Fi gure 7.1 an attempt is made to define the time of occurrence of 
the critical growth parameters for an autumn sown wheat crop in the 
Lincoln environment, and to relate these to levels of soil moisture 
and available soil N. Data for this figure were derived from Langer 
and Khatri (1965) and from the experiments described in Chapters 2, 5 
and 60 
A recent review on the physiology of grain yield in cereals 
(Evans & Wardlaw 1976) emphasised that research on cereals has shown 
that in many instances the capacity of the grain to store assimilates 
(the si z;e of the si nk) may 1 imi t yiel d as much as the capaci ty of the 
crop to provide them during grain filling (the amount of photo-
synthesis). In the experiments des~ribed in this thesis grain size 
was only changed s11 ghtly by the treatments imposed (Tables 2.3, 507, 
6~3)0 Although there were differences among cultivars (Table 3.1, 
5.7), weight/grain was not related to flag leaf area duration (section 
503), indicating that the amount of photosynthate was adequate to 
fill the grains which had been set. The detailed analysis of the 
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relation to soil moisture and available soil N. 
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pattern of grain set and grain size within the ear (Chapter 4) showed 
that grain weight differences between spikelets of both Aotea and 
Karamu were relatively small compared with the differences in grain 
set, again indicating that grain yield per spike was probably limited 
by the capacity of the spike to accumulate sites for grain fillingo 
For most non-irrigated wheat crops the bulk of the grain 
filling occurs in December, a time when there are usually low levels 
of available water in the top 30 cm of soil (Fig, 7.1). Fische'r (l973) 
found that water stress duri ng grain fi 11 i ng decreased grain size only 
when leaf area was reduced sufficiently to develop a source limitation. 
Presumably in the Lincoln environment on moisture retentive soils, 
water stress during grain fill i ng sel dam reduces 1 eaf area to thi s 
critical level, 
Grain filling also occurs at a time when levels of available N 
are low (Fig. 7.1). In view of the limited effects of applied N on 
grain size (Tables 5.7, 6.3) it would appear that most of the N 1s 
taken up by the commenc;ement of grain filling to be redistributed 
into the grains subseql,.lently, a suggesti on al so made by Willi ams 
(1955) and langer and liew (1973). 
The results of the present study therefore support the view of 
Langer and Dougherty (1976) that, in this environment, it is 
differences in gra'in number per unit area which bring about the major 
differences in yield for anyone cultivar. Grain number per unit 
area can be infl uenced by the number of spikes, the number of spike lets/ 
spike and the number of florets within each spikelet that actually 
set grain. 
Rawson and Bremner (1976) stated that a productive spike 
population of 800/m2 was required under conditions where high yields 
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were to be expected. Similarly Dougherty et aZ. (1975b) suggested 
that 800 spikes/m2 was about optimum and that above this level the 
number of grains per spikelet was drastically reduced. In an 
endeavour to verify the validity of these ass~rtions and in order to 
characterise the yield components of high yielding Kopara crops~ 
samples were taken from five commercial wheat crops growing in mid-
Canterbury duri ng the 1975-6 season. Fi ve separate 0.2 m2 quadrats 
were sampled from what appeared to be the highest yielding portions 
of these crops. The results are presented in Table 7.1. 
Table 7.1 - Yield components of high yielding Kopara wheat crops. 
Crop 
Number 
Grain 
Yield 
t/ha 
Spikes/m2 Spikelets/spike Grains/spikelet Wt/grain ( mg) 
1 10.14 667 18.7 1.94 41.9 
2 9.47 578 18.8 2.03 43.1 
3 8.55 570 20.9 1.59 45.2 
4 7.55 561 19.0 1. 75 40.7 
5 7.44 497 19.3 1.83 42.6 
CV % 7.2 10.7 1.5 4.6 2.9 
Although these crops all produced very high yields, none developed 
800 spikes/m2• The results of the 1972-3 experiment presented earlier 
al so suggest that 800 spi kes/m2 may be too high for maximum yi e1 ds 
while both the 1974-5 and 1975-6 experiments showed that yields in 
excess of 6 t/ha could be produced with spike populatiQns of 650 and 
430 spi kes/m2 respecti vely. Coll ecti vely, these results suggest that 
800 spikes/m2 is supra-optimal with present cultivars in the Lincoln 
environment. 
The final spike population is a reflection of the total 
number of tillers produced and the proportion of these which survive 
to produce an ear. In autumn wheat, tillers are produced most 
rapidly in September, reaching their peak number in late September-
early October (Fig. 7.1). In all the crops studied in this thesis a 
high proportion of the tillers died, with most of the deaths occurring 
during October and corresponding with the onset of rapid stem 
elongation (Fig~ 7.1). Rawson and Bremner (1976) discussed the 
possible deleterious effects of unproductive ti11ers,emphasising 
that it was a question "of long standing". Results of the present 
study (Tables 2.3, 2.7, 5.7, Fig, 5.4) suggest that these unproductive 
tillers may interfere with floret development in the remaining fertile 
tillers, an aspect which is discussed in detail in a later section. 
What does seem certain is that the yield of New Zealand wheats is 
not limited by their ability to produce tillers, since it is possible 
for hi gh yi e 1 ds to be obtai ned by re 1 ati ve 1 y sparse popul a ti ons of 
ears. Al though abundant ti llering may partially compensate for 
adequate or irregular plant establishment resulting from poor 
drilling techniques, these are not conditions which are likely to 
be encountered regularly in the high-yielding situation. 
The number of spikelets/spike does not seem to offer a great 
deal of scope as a means of increasing yield. Although up to two 
additional splkelets/spike could usually be produced by the addition 
of N, such increases were not always accompanied by an increase in 
grain yield (Tables 5.7, 6.3). In the 1975-6 experiment N gave a 
111 
big increase in spikelet number and grain yield (Table 603) and, 
although spikelet number was highly correlated with grain yield in 
this experiment (Table 6.5), the effect of N on yield was largely 
due to an increase in th~ spike population. This experiment was 
the only one where the mean number of spikelets per ear approached 
20, the number that Rawson and Bremner (1976) sugg~sted as being 
optimal for a high yielding wheat crop. It is also interesting to 
note that the highest yielding commercial crops sampled in the 
same season produced only slightly fewer than 20 spikelets/ear 
(Table 701). 
The final yield component to be considered, namely the number 
of grains/spikelet was inversely related to spike population, 
particularly when it exceeded 700/m2 (Tables 2.1, 2.2, 2.3}. This 
relationship has occurred elsewhere anQ has been attributed to a 
reduction in the assimilate supply to the florets prior to anthesis~ 
and contributed to by excessive vegetative growth (Dougherty & 
Langer 1974; Dougherty et at. 1974, 1975a, 1975b). During the 
initial stages of floret development before the florets become 
enclosed by the accessory floral organs and while the spike is 
about 1 cm in length (Fisher 1973; Holmes 1973; Kirby 1974) it seems 
rather unlikely that the supply of assimilate would restrict 
floret growth due to the very small amount of material involved. 
H0wever the pattern of grain set described in Chapters 3 and 4 
strongly suggest that the am0unt of floret development that occurs 
in the three weeks prior to anthesis is critical in determining 
which florets set grain. In morphological terms this period is from 
the time the accessory floral organs close over the florets until 
abo ut one week after ea r emergence and covers the peri od of mos t 
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rapid ear growth when one would expect competition between florets 
to be most intense. For autumn wheat this critical period is in late 
October~early November, the time when the rapidly elongating stem is 
also a competing sink for assimilate (Fig. 7.1).· 
It is possible that the inverse relationship between spike 
number and grain set is not due to differences in spike numbers per 
se, but is a manifestation of high LAI values that usually accompany 
such populations (Table 2.6, Fig. 5.3). As light interception in 
most cereal crops exceeds 95% once an LAI of about 4 is obtained 
(Evans & Wardlaw 1976), further increases in LAI have little effect 
on crop photosynthesis. In the experiments described in this thesis 
LAI values sometimes exceeded 4 at high ear popul ati ons (Tabl e 2.6, 
Fig. 5.3) and were associated with depressions in grain set. It is 
suggested that further increases in the grain yiel d of wheat mi ght 
possibly be achieved by selecting wheat cultivars with smaller more 
vertically inclined leaves, a sug~estion also made by Evans and 
Wardlaw (1976). With such plants it may be possible to marry the 
two objectives of high spike population with high grain set, instead 
of the inverse relation$hip which appears to operate with present 
cultivars. Donald and Hamblin (1~76) have recently pointed out that 
such pl ants may not always appear hi ghly productive when grown as 
spaced pl ants. 
The mean number··of grains per spikelet recorded in the present 
series of experiments ranged from 1.2 to 2.0 (Tables 2.3,7.1). 
Even the highest value of 2 falls short of the 3 or more grains 
produced by the central spikelets in mainstem ears (Fig. 4.1) and is 
less than one quarter of the 7~9 florets produced in each spikelet 
(langer & Han; f 1973). In theory at least, there appears to be 
considerable scope for im~rovement here. 
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7,2 CULTIVARS 
The experiments described in this thesis as well as those 
published elsewhere (McEwan & Vizer 1970; Douglas et al. 1971; 
elements e-t at. 1974; Dougherty et at. 1974, 1975b) would suggest 
that when autumn sown the semi-dwarf Karamu is not generally superior 
to the standard New Zealand cultivars Aotea and Kopara. The superior 
grain yield of spring sown Karamu appears to be largely due to the 
production of more spikelets and more grains per spikelet than the 
other cultivars, Under conditions of spring sowing, Karamu produced 
a mean number of 14.5 spikelets/spike compared with a mean of 13,4 
for Aotea and Arawa (Dougherty et al. 1975b), an increase of about 8%, 
Similar calculations for the number of grains per spikelet showed 
that Karamu had a 9% advantage over the other cultivars. The 
superiority of Karamu was therefore split evenly between spikelets/ 
spike and grains/spikelet. The sequence of anthes;s in florets and 
between spikelets is a critical factor in determining which florets 
set grain (Evans et a,l. 1972; Langer & Hanif 1973; Walpole & Morgan 
1973) while both Fisher (1973) and Holmes (1973) found that early 
spikelet development in Norin 10 derivatives such as Karamu is more 
synchronised than in standard wheats, Indeed, the comparison of 
the pattern of grain set in Karamu and Aotea described in Chapter 4 
suggests that the semi-dwarf does have more synchronised development 
within the spike and within the spikelet. Although florets in 
positions 1 and 2 of Karamu were slightly less fertile than those of 
Aotea (Fig, 4.2), Karamu still produced more grains/spikelet due to 
superior fertility in floret positions 3 and 4. 
The New Zealand cultivars Aotea and Arawa showed the 
characteristics described by McEwan (1959), being high yielding under 
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conditions of autumn sowing (Tables 2.1, 505) but rather low yielding 
when spring sown (Dougherty et al. 1975a) 0 Although Koparawas not 
compared directly with Aotea and Arawa in th~se experiments it 
undoubtedly has a high yield potential (Douglas et al. 1971; Tables 
603,701). Whereas Kopara is more responsive to P than Aotea 
(Douglas et aLo 1971) its responses to N appear to be more variableo 
Kopara showed a marked response to N in the 1975-6 season although 
Dougherty and Langer (1974) found that heavy appl icati ons of N (200 
kg/ha) to irrigated Kopara wheat gave a 30% reduction in yield. 
Further research on the nitrogen nutrition of this high yielding 
culti var shoul d prove rewarding. 
7.3 NITROGEN 
It has been mentioned previously that the yield components of 
wheat tend to be compensatory (section 1.1), and this becomes very 
evident when one examines the effects and interactions of N on the 
different yield components for the various experiments described in 
thi s thesi so 
N increased the number of spikelets/spike in all exper1ments 
but in the 1974-5 experiment this was accompanied by a decline in 
the number of grains/spikelet S0 that overall there was little or no 
increase in the number of grains/spike (Table 5.7), an effect which 
has been noted elsewhere and attributed to a reducti0n 1n assimilate 
supply to the florets prior to anthesis (Dougherty et aL. 1974, 1975a, 
1975b; D0ugherty & Langer 1974) and which is associated with 
increased leaf growth (section 701). The 1975-6 experiment has been 
the only one at Lincoln where N increased the number of grains/spikelet 
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and it is suggested that this occurred because the LA! was less than 
4 (Figo 601), the level where light interception has been shown to 
exceed 95% (Evans & Wardlaw 1976). An alternative explanation for N 
increasi&1g the number of grains/spikelet in 1975-6 could be that in 
this season levels of available N remained high well into November~ 
the time of pre-anthesis floret development {Fig. 7 .1} 0 The profiles 
of available 5011 N plotted in Figure 701 also indicate that even 
in a very fertile soil where the 1974-5 crop was gr6wn, the rate of 
mineralisation of soil N may not occur fast enough to supply the 
rapidly growing crop in November. 
The effects of N on tiller production and survival were 
consi stent wi th thQse occurring in Engl and (Watson et a~. 1963), 
parti cuI arly for the 1974-5 experiment where N gave a 22% increase 
in peak tiller numbers but had little effect on tiller survival, the 
proportions being 59% and 57% for NO and N1 respectively (Figo 5.4) 0 
For the 1975-6 experiment 56% and 61% of the ti 11 ers survi ved for 
the NO and N3 treatments respectively but here N gave a 60% increase 
in peak tiller number (Figo 6.2). This bigger increase in spike 
number resulting from N application came under conditions of very low 
levels of available N which occurred during the 1975-6 season (Table 
The soil test and predictive model based on available soil N 
described by Ludecke (1974) have been of considerable assistance not 
only in explaining the responses of the various crops to N fertiliser 
but also in deciding on the timing of application (section 502) 0 
Increases in grain yield occurred when available N levels in August 
fell to below 60 kg/ha in the top 60 cm of soil (Tables 501, 6.2}0 
In the 1974-5 season low levels of available nitrogen were caused by 
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extensive leaching while low total N was responsible in the 1975-6 
seascmo In both cases the increases in grain yield could largely 
be attributed to N increasing the spike population. 
However, despite the use of this predictive model, more 
i~formation is still required on the fate of both mineralised and 
appl i ed N wi thi n the soil and pl ant systems. Such i nformati on woul d 
require more regular measurements of N in both the soil and the 
plant than those which were carried out in the present studies. In 
particular, there is a need for detailed studies on the factors con-
trolling the amount of N actually reaching the grain. Although 
levels of grain N were not measured in the present experiments, this 
aspect is of critical importance in view of its relationship with 
baking quality (Wri ght 1969). 
704 IRRIGATION 
The results of the 1972-3 experiment on Aotea wheat showed 
that it is possible to increase the yield of autumn wheat on deep 
soils by the use of irrigation but that the increases are far less 
than are possible on soils of low water retention (Drewitt 1974a, 
1974b)0 This experiment also confirmed that irrigation increases 
yield mainly by 'increasing tiller survival as found by Barley and 
Nai du (1964) 0 
The subsequent experiment in 1974-5 showed that one of the 
reasons for the limited response to irrigation on deep moisture 
retentive soils was that wheat could scavenge for soil moisture at 
depths greater than 90 cm where the soil was at field capacity 
even althou<:Jh the topsoil was below wilting point (Fig. 5.2, Table 
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5AL Other aspects of the water relations of the wheat grown in 
this particular experiment were described by Martin and Dougherty 
(1975), although it is interesting to note from Figure 7,1 that in 
the 1972-3 season the drop in level of 5011 water occurred earlier 
than in 1974-5, This could be another explanation for the differing 
response between seasonsv 
One of the reasons suggested for the lack of grain yield 
response to applied N and sometimes the occurrence of yield 
depressions has been that the increased vegetative growth caused by 
N leads to accelerated use of soil water (Ludecke 1972, 1974; 
Stephen 1973), N fertiliser did cause accelerated use of soil 
water in the 1974-5 experiment (Fig, 5.2) presumably because the 
increased leaf biomass (Fig, 5,3) increased the amount of transpir-
ation. Although this did not cause a yield depression, it does 
confirm that N can lead to accelerated use of soil water and this 
may help explain some of the N fertiliser induced yield depressions 
recorded in the past (Walker 1969; Ludecke 1972, 1974~ Stephen 1973) 
on soils of lower water holding capacity, 
From the practical viewpoint it seems that on deep moisture 
retentive soils, irrigation water is probably better applied to 
crops such as peas (Anderson & White 1974), ryegrass and white clover 
seed (Scott 1973), in which economic responses are more likely than 
in autumn sown wheat, 
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7.5 SOWING RATE 
The results of the present study suggest that hi gher than 
normal sowing rates are not required to exploit the bountiful growing 
conditions produced by irrigation and nitrogen fertiliser. Indeed 
they suggest that where more than 250 plants/m2 are established, 
grain yield may be depressed even though the spike population is 
increased (Tables 1,2, 2.1, 5. 5L 
Spikelet number was reduced by high sowing rate (Tables 2.3, 
3.1.,5.7,6.3) although there was evidence- to show that this could 
be alleviated to some extent by the application of N (Table 3.4, 5.7) 
except that this must be applied nQ lat(;!r than the double ridge stage 
(Langer & Liew 1973). 
The main yiel d component reduced by hi gh sowi ng rate was the 
number of grains per spikelet (Tables 2.3, 3.1), an effect also 
reported by Willey and Holliday (1971) in England. The physiological 
expl anation for this reducti on in grai n set caused by hi gh sowi ng 
rate is probably similar to that produced by high levels of available 
N (se,ction 7.3), again indicating the e·ffects that excessive leaf 
growth can have on grain set. 
The seed size of commercial New Zealand seed wheat can vary 
from 30 to 50 mg depending on cultivar and the amount of screening 
that has occurred (DoughertyetaZ. 1974, 1975b). Assuming a 90% 
field establishment (Dougherty et aZ. 1975b) a plant population Qf 
250/m2 WQuld require sowing rates of 85 and 140 kg/ha respectively 
for this range of seed sizes. These figures not only bring this 
discussion intQ practical perspective but also demonstrate that, in 
scientific terms, plant population is probably more meaningful than 
sowing rate, especially in non-experimental conditions. 
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CONCLUSIONS 
I, The yield of Canterbury wheat crops is probably limited by 
spike number when the population ;s below about 500 
spikes/m2, Above this level the number of grains per 
spikelet becomes an increasingly important component and is 
then usually inversely related to the spike pop~lation, 
Once the spike popu;ation exceeds 700/m2, grain yields may 
decline, It is $I,.lggested that further yield increases may 
be achieved by selecting cultivars that are less leafy 
particularly under high fertility conditions. The weight per 
grai n is not consi dered an important yiel d component, and is 
rather cli fficul t to change by agronomi c treatments, except 
severe wa ter stress. 
20 The superiority of the semi-dwarf Karamu as a spring wheat 
lies in its ability to produce more spikelets/spike and grains/ 
spikelet than ether cultivars, These characteristics appear 
to be due te more sYnchronised development both within the 
spike and within the spikelet. There is no eVldence to show 
that Karamu is more responsive to N than Aotea, Arawa or 
Kepara, 
3, The likely responses in grain yield to applied N are best 
predi cted through the use of a soi 1 test to measure the amount 
of available seil N in August. Yield increases caused by N 
in these experiments were due mainly to an increase in the 
spike popl,Ilation. Yield depressions due to N fertiliser on 
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deep moisture retentive soils were attributable mainly to a 
reduction in the number of grains/spikelet. This was possibly 
caused by a reduced assimilate supply to the florets prior to 
anthesis and was generally associated w'ith supra-optimal leaf 
development. 
40 There was no evi dence to s ugges t that on moi sture reten ti ve 
soils yield reductions caused by N fertiliser w~re due to 
water stress although this phenomenon probably occurs on soils 
of low moisture retention. Yield increases of autumn wheat on 
moisture retentive soil, in response to irrigation. are 
likely to be small and are largely due to increased till~r 
survival. 
5. Wheat grown under high fertility, irrigated conditions requires 
a, similar plant population to that growing under dryland 
conditions and medium fertility. The optimum plant population 
appears to be around 250 plants/m2. 
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SUMMARY 
Between 1972 and 1976 a series of field experiments were 
conducted to investigate the factors limiting grain yield in 
wheat (Triti.cum aestivum la). Spike population restricted yield 
when it was below about 500 spikes/m2 but once it exceeded 700/m2 
grain yield declined due to a reduction in the number of grains 
per spikelet. Irrigation, high sowing rate, and nitrogen 
ferti 1i ser generally increased spi ke number but the effects on the 
number of grains/spikelet were variable, apparently depending on 
processes related to leaf area index. 
The semi-dwarf Karamu out yielded New Zealand wheats when 
spring-sown because it produced more spikelets/spike and more grains/ 
spikelet than the other cultivars. The superior grain set of 
Karamu was because more of the distal florets within each spikelet 
produced grain than in the other cultivars. 
The results are discussed in relation to cultural practices 
and plant breeding. 
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~stablishment of undersown. white clover as 
affected by wheat sowing rate, time of white 
clover introduction, and irrigation 
By W. R. SCOTT 
Department of Plant Science. Lincoln College, Canterbury, New Zealand 
(Received 20 December 1973) 
ABSTRACT 
Establishment of undersown white clover was unaffected by differences in sowing rate 
of 'Aotea' wheat between 50 and 150 kg/ha. Clover sown with wheat in June established 
at a higher density than when overdrilled the following spring. Irrigation increased the 
survival of undersown clover without increasing plant size. It is suggested that the growth 
of irrigated clover was restricted by low light intensity. 
INTRODUCTION 
Sowing white clover under a cereal is a 
common practice in the forage seed producing 
areas of New Zealand, but little agronomic re-
search has been carried out on the cereal- white 
clover association. Scott (1973) described the 
cultural techniques commonly employed for white 
clover establishment and Dougherty (1972) re-
viewed the factors affecting red clover establish-
ment under wheat. A previous paper (Scott 
et al. 1973) reported on the effects of various 
agronomic treatments on the wheat component 
of this wheat - white clover association. This 
paper describes bow the treatments affected the 
establishment of undersown white clover. 
MATERIALS AND METHODS 
The trial site and e~perimental design have 
been described in de~ail previously (Scott et al. 
1973) . A 3 X 3 X 3 factorial design with two-
fold replication was used and each plot measured 
30 X 3 m. The three levels of wheat sowing rate. 
time of white clover introduction, and irrigation 
were as follows: 
Sowing rate of wheat So 50 kg/ha 
Time of white clover 
introduction 
Sl 100 kg/ha 
S2 150 kg/ha 
To 26 June 1972 
with wheat 
T 1 overdrilled 5 
Sept 1972 
T 2 overdrilled 8 
Oct 1972 
Irrigation treatments Wo not irrigated 
W 1 irrigated to 2 
weeks after 
anthesis of 
wheat 
W?, irrigated to 
wheat 
harvest 
Wheat (Triticum aestivum L. cv. 'Aotea') was 
sown in 15 cm rows by a combine drill together 
with superphosphate at 250 kg/ha on 26 June 
1972. 'Grasslands Huia' white clover (Trifolium 
repens L.) planted at the same time as the wheat 
was broadcast behind the coulters and lightly 
harrowed. For later times of planting the clover 
was direct-drilled in 15 cm rows in the same 
direction as· the wheat rows. The sowing rate 
of clover was 3 kg/ha for all times of sowing. 
In irrigated plots, soil water was restored to 
field capacity through a microtube trickle system 
whenever. soil water was depleted to - 0.5 bars 
according to tensiometers permanently installed 
in representative plots at depths of 30 cm. 
After the wheat harvest in early February 1973 
all plots were mown and the straw removed by 
baling. On 15 February the whole trial area 
was spray irrigated. 
MEASUREMENTS 
At monthly intervals starting in November, 
white clover seedling numbers and size were 
recorded on one 1000 cm2 quadrat per plot. For 
the final establishment count on 5 March 1973 
len 1000 cm2 quad rats were sampled per plot. 
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TABLE 1 - Effects of wheat sowing rate, time of 
white clover introduction, and' irrigation on white 
clover plants per m2 
Date 
Treatment 15/11/72 11/12/12 10/1/73 22/3/73 
So 20.1 139 106 55 
Sl 179 102 81 59 
82 182 77 88 44 
To 143 131 109 74 
T1 133 104 ' 96 44 
T2 269 84 70 41 
Wo 104 9J 48 32 
W1 196 93 ·68 57 
W2 246 134 159 69 
1.S.D.5% 10.5 54 38 18 
TABLE 2 - Effects of wheat sowing rate, time of 
white clover introduction, and irrigation on clover 
plant size (mg DM/plant) 
Date 
15/11/72 11/12/72 to/l/73 22/3/73 
Treatment 
So 8.94 7.44 8.02 52.3 
Sl 3.82 3.92 5.78 42.5 
S2 2.83 3.21 5.30 47.6 
To 8.0.1 7.88 7.19 44.8 
T1 5.27 2.85 6.26 44.9 
T2 2.31 3.84 5.65 52.8 
Wo 7.80 5.34 5.30 37.3 
W1 3.74 4.0.1 7.92 41.7 
W2 4.04 5.22 5.89 63.5 
1.S.D.5% 5.46 2.64 2.65 14.8 
Significant 
interactiol1s None S X T· None None 
After counting, the plants were dried to constant 
weight at 709 c and weighed. 
Light transmission through the wheat crop was 
measured with an EEL Lightmaster light meter 
by taking a reading at ground level and above 
the crop canopy in quick succession on calm, 
cloudy days. Three sets of readings were taken 
per plot. Soil-water levels were measured gravi-
metrically at approximately weekly intervals as 
described previously (Scott et al. 1973). 
RESULTS 
As there were no significant interactions of 
treatments on clover plant numbers through the 
growing season, only main effects are presented in 
Table 1. 
For the first three sampling dates the data 
were extremely variable and for the final count 
in March part of this problem was reduced by 
sampling a greater area and number of plants. 
Wheat sowing rate had little effect on white 
Clover numbers except in December, when they 
were significantly reduced at the high sowing rate. 
'The effect of clover sowing time' changed with 
time, as initially there were more plants in the 
plots over-drilled in Octoper; but by March, 
clover sown in June had established at a signifi-
cantly higher density. Irrigation had no signifi-
Cfl,nt effect on plant numbers until 'December, 
but by March all irrigated plots contained 
significantly more plants. Irrigation to near 
harvest (W2) did not give significantly more 
plants than irrigation to 2 weeks after anthesis 
(W 1) . In all treatments there was a marked 
decline in clover numbers as the season pro-
gressed. The effects of treatments on plant stze 
are presented in Table 2 and the only significant 
interaction in Table 3. 
Compared with the low wheat sowing rate 
(So), the high sowing rate (S2) significantly 
depressed white clover size through most of the 
season, but by March the differences had dis-
appeared (Table 2). In Decemper this depres-
sion was significant only for clover that had been 
TABLE 3 - Interaction of wheat sowing rate and 
time of white clover introduction on clover dry 
weight per plant (mg) on 11 December 1972 
To T1 T2 Mean 
So 14.60 3.20 4.53 7.44 
Sl 4.83 3.13 3.80. 3.92 
S2 4.21 2.23 3.20 3.21 
Mean 7.88 2.85 3.85 
. 1.S.D. 5% Between main effect means, 2.64 
Between treatments at same or different 
levels, 4.57 
TABLE 4 - Effects of wheat sowing rate, time of 
white clover introduction, and irrigation on light 
transmission (%) 
Date 
30/11/72 9/1/73 
Treatment 
So 6.9 16.5 
Sl 4.5 16.8 
S., 4.5 13.9 
To 4.9 15.2 
T1 5.5 15.8 
T2 5.5 16.2 
Wo 7.2 19.3 
W1 4.3 15.0 
W2 4.4 12;9 
1.S.D.5% 1.5 N.At 
t Not available 
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sown in June (Table 3). Variations in clover 
size caused by sowing time were also significant 
in the early stages, but disappeared with time. 
Clover plants in plots that had been irrigated 
to early January (W2) were significantly larger 
in March, although in November there was a 
tendency for both irrigated treatments to decrease 
plant siie-
Table 4 presents the main effects of treatments 
on light transmission through the canopy. There 
were no significant interactions. 
No statistical analysis is available for the 
January reading, as only one block was recorded 
due to the onset of windy conditions. In 
November the lowest sowing rate of wheat gave 
a significant increase in light transmission, but 
b~th irrigated treatments gave a significant de-
pression. Time of clover introduction had no 
effect. By January the effect of sowing rate had 
largely disappeared, but irrigation still appeared 
to be reducing light transmission. 
DISCUSSION 
For white clover seed production under New 
Zealand conditions, the optimum plant density 
is not well defined. For British conditions Zaleski 
(1961, 1964) recommended a plant density of 
60-70 plants per m2, and in California a density 
of 110-160 plants per m2 is recommended for seed 
production of Ladino white clover (Marble et al. 
1970). Specialist seed pr~ducers in New 
Zealand say that 20-30 robust clover plants per 
m2 is sufficient. At flowering, individual clover 
plants are very difficult to identify, however, and 
the population of stolon apices is probably the 
critical factor for flower and seed production 
As considerable cool-season growth of white 
clover may occur in New Zealand, a satisfactory 
population of stolon apices at flowering may be 
obtained from a density of about 30 plants per 
m2• If this assumption is correct, then all plots 
in the present experiment contained sufficient 
white clover plants for seed production, although 
some of the treatments produced large differences 
in the final population. 
Santhirasegaram & Black (1965) concluded 
that one method of increasing the establishment 
of undersown species was to sow the cover crop 
at a reduced seeding rate. In the present experi-
ment sowing rate had no effect on white clover 
establishment (Table 1) or size (Table 2), even 
though the low rate of 50 kg/ha was half the 
conventional sowing rate and caused reductions 
in wheat grain yield (Scott et al. 1973). LoW 
sowing rates produced large and significant re-
ductions in the leaf area index of the wheat 
crop up until the end of October (Scott et al. 
1973), and even in November levels of light 
transmission were significantly greater in plots 
from the low sowing rate (Table 4). However, 
in all treatments the levels of light transmission 
were extremely low compared with the levels 
recorded by other workers with similar crops 
(Genest & Steppler 1973; Janson & Knight 1973). 
Levels of light reaching the clover canopy may 
well have been even lower than mea~ured as a 
result of taking the readings during cloudy con-
ditions (Santhirasegaram & Black 1968) . 
The very low levels of light transmission re-
corded within the wheat crop explain the limited 
growth of clover that occurred in the irrigated 
plots from November to January (Table 2). The 
final differences in clover size caused by irriga-
tion probably reflect growth made between the 
wheat harvest and the commencement of post-
harvest irrigation. The growth characteristics 
of white clover which make is extremely 
tolerant of severe frequent grazing are obviously 
a distinct disadvantage under low light intensity, 
particularly at the seedling stage. Whereas 
lucerne seedlings with an erect growth habit 
have the capacity to etiolate under conditions 
of low light intensity (Janson & Knight 1973), 
etiolation in white clover is restricted to the 
petioles (Mitchell 1956). Thus white clover has 
only very limited ability to extend its leaf canopy 
into the zones of higher light intensity nearer 
the top of the cover crop (Santhirasegaram & 
Black 1968). Although irrigated white clover 
plants did not grow much when subjected to 
severe shading, irrigation increased plant survival. 
For maximum establishment of undersown 
species it is gene!ally agreed that the cover crop 
and the undersown species should be sown: at the 
same time (Santhirasegaram & Black ~9~5). 
Results from this experiment confirm this belief. 
The idea that clover sown with wheat in May-
June may suffe:r from frost heave (Ryde 1965) 
is probably ill-founded in all but the coldest seed-
producing areas at higher altitudes closer to the 
Southern Alps than Lincoln. However, the 
higher rainfall in these areas should aid estab-
lishment and survival of clover undersown in 
the spring. 
The variability of the numbers and size of 
white clover recorded in this trial appeared to 
be due to the heterogeneity of this outcros~ng 
species (Davies 1969) being compounded' by 
the variable micro-environment beneath the wheat 
cover crop. Clover plants derived from seeds 
. already present in the soil may have added to 
the variability. In spite of this variability, 
several practical conclusions can be drawn from 
this trial and the one described previously (Scott 
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et al. 1973). When sowing rates of wheat much 
below 100 kg/ha are used with the objective' of 
aiding establishment of undersown white clover, 
wheat yields on high-fertility, moisture-retentive' 
soils may be reduced without a concurrent im-
provement in clover establishment. Clover sown 
at the same time as the wheat establishes at a 
higher density than when introduced in spring, 
although introduction can be delayed until early 
October with no' deleterious effects on ' wheat 
yields. In dry years irrigation is beneficial to 
white clover establishment and may also increase 
wheat yields. 
Acknowledgments 
This paper was derived from work carried out as 
pert of a cereal research contract between the New 
Zealand Department of Scientific and Industrial 
Research and Lincoln College. Financial assistance 
was also received from the University Grants Com-
mittee. Statistical advice' from B. G. Love and 
technical assistance from Miss P. A. Milligan. A. V. 
Jones. G. Meijer. R. B. F. Moir. K. R. Rooney. and 
G. Young is gratefully acknowledged. 
REFERENCES 
Davies, W. Ellis 1969: Proceedings 0/ the British 
Grassland Society Occasional Symposium No. 
6: 99-122. 
Dougherty, C. T. 1972: N.Z. Journal 0/ Agricul-
tural Research 15: 706-11. 
hmson, C. G.; Knight, T. L. 1973: N.Z. Journal 
of Experimental Agriculture 1: 243-51. 
Genest, J.; Steppler. H. 1973: Canadian Journal of 
Plant Science 53: 28~-90. . 
Marble. V. L.;Jones, L. G.; Goss, J. R.; Jeter, R. B.; 
Burton, U. E;;' Hall, D. H. 1970: California 
Agricultural Experiment Station Extension Cir· 
cular 554. 
Mitchell, K. J. 1956: N.Z. Journal 0/ Science and 
Technology 37B: 395-413. 
Ryde, B. J. P. 1965: Canterbury Chamber 0/ Com· 
merce Agricultural Bulletin 427. 
Santhirasegaram, K.; Black, J. N. 1965: Herbage 
Abstracts 35: 221-5. 
---- 1968: Journal o/the British Grassland 
Society 23: '1-12. 
Scott, W. R. 1973: In "Pastures and Pasture Plants". 
Ed. R. H. M. Langer. A. H. and A. W. Reed, 
Wellington. 428 pp. 
Scott, W. R.; Dougherty, C. T.; Langer, R. H. M.; 
Meijer, G. 1973: N.Z. Journal 0/ Experimental 
Agriculture 1: 369-76. 
Zaleski,A. 1961: Journal 0/ Agricultural Science, 
Cambridge .57: 199-212. 
---- 1964: Journal o/the British Grassland 
Society 19: 237-47. 
142 
Effects of irrigation and fertiliser on the 
vields of 'Arawa', 'Aotea', and 'Karamu' wheats 
of 
By C. T. DoUGHERTY, W. R. Scon, R. H. M. LANGER, AND G. MEIJER 
Department of Plant Science; Lincoln College, Canterbury, New Zealand 
(Received 7 February 1974) 
ABSTRACT 
Grain yields of 'Aotea', 'Arawa', and 'Karamu' wheats were depressed by irrigation 
during early stages of reproductive development which reduced the number of grains per 
spike let and slowed the rate of 'reproductive development. Nitrogen fertiliser increased the ear 
population at harvest but had little effect on the dry weight Or leaf area of the tillers during 
the critical pre-anthesis stage or on the mean values of the components of yield of the ears. 
There were no interactions between fertiliser and irrigation treatments. 'Karamu', a Mexican 
semi-dwarf, was similar to the New Zealand-bred wheats except that it had slightly more 
spikelets per ear and grains per spikelet, but it had smaller grains. An antitranspirant applied 
to irrigated whcat had no effect on any of the components of grain or straw yield. Responses 
were interpreted on the basis that pre-anthesis assimilate levels were modified by agronomic 
treatments and affected grain set. 
INTRODUCTION 
Soil-moisture ,deficits during spring have been 
recognised as the main limiting factor of wheat 
YIelds in Canterbury for many years (Frankel 1935; 
Walker 1956). Soil fertility, particularly nitrogen 
sratus, influences yield and quality of New Zealand 
wheats (Ludecke 1972; Wright 1969) by modifying 
the relative values of one or mote of the four main 
components of yield (Langer & Liew 1973). In 
high-yielding wheat crops in Canterbury the impor-
tance of these components in accounting for varia-
tions in grain yield usually ranks in the following 
descending order: ear density, grains per spikelet, 
grain size, and spikelets per ear. Frankel (1935) 
thought that the environment of the wheatlands of 
Canterbury was generally unfavourable for the full 
yield development of ears of British wheats, and he 
noted that successful cultivars were characterised 
by an erect growth habit, sparse tillering with high 
tiller survival, and many small to intermediate-sized 
ears. He attributed the success of these wheat types 
te their ability to adapt to drought and yet to 
respond to favourable conditions. 
The wheat ear may encounter nutrient or water 
deficiency after a period of unrestricted growth when 
all parts of the plant develop at optimal rates. 
Non-reproductive sinks may thus increase in size 
and capacity during favourable conditions, but later, 
a~ the environment deteriorates, these sinks become 
competitive with, reproductive structures to the detri-
ment of grain yield (Brouwer 1962). Tillers, for 
example, may withdraw carbohydrates from the main 
stem when their own level of assimilation cannot 
satisfy their internal demand (Bremner 1969) . 
Modern New Zealand cultivars have been selected 
for yield and quality in the absence of irrigation and 
under medium levels of soil fertility; they are thus 
!ldapted to some nutritional or water stress which 
prevents excessive vegetative growth. 
Tlie yield depressions which concerned us here 
are not the well-known responses associated with 
high nitrogen or ,.irrigation. Irrigation may reduce 
crop yields if water is applied at an excessive rate 
to cause flooding, for when soil-water levels are 
above field capacity soil oxygen tensions decline and 
root permeability is reduced (Kramer 1969). The 
In a factorial experiment on Wakanui silt loams development and activity of the root system may be 
ot the Lincoln College Research Farm in 1972-73 modified so that water and nutrient uptake is 
wheat yields were lowest in plots receiving high 
severely restricted. Similarly, under moist conditions levels of nitrogen fertiliser and non-limiting water 
supply (Dougherty 1973a). When nitrogen and water high levels of plant-available nitrogen may predispose 
are readily available, growth increases the number the crop to lodging. 
and size of both non-reproductive and reproductive Research at Winchmore (Drewitt & Rickard 1971) 
sinks, but generally the size and competitiveness of has shown -that wheat responds to irrigation on the 
the non-reproductive sinks are affected more (Lange.r less moisture-retentive soil series of the Canterbury 
& Liew 1973; Scott et al. 1973; Dougherty 1973b). Plains and that one application at flowering suffices. 
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TABLE 1 - Seed characteristics and plant densities on 6 September 1972 
A Cultivar Germination Seed size Sowing rate Plant density (%) (mg) (kg/ha) ( plants/m2) 
o 'Arawa' 100 
1 'Aotea' 97 
2 'Karamu' 80 
Irrigation responses are usually better on th~ 
shallower, less fertile soils than on the deeper, 
fertile ones (Scott et al. 1973). 
The factorial experiment described. here was de-
signed to provide information on the response of 
wheat to various irrigation and nitrogen treatments. 
Three cultivars, the relatively tall 'Arawa', inter-
mediate 'Aotea', and the semi-dwarf 'Karamu', were 
sown to provide crops with potentially different 
source - sink relationships. Ear differentiations 
occur when the primary competing sink is the 
extending stem and, consequently, the semi-dwarf 
was expected to have a weaker sink (Patrick 1972). 
Irrigation treatments were also intended to modify 
source - sink relationships. One irrigation treatment 
was inclUded which represented the recommended 
farm practice of one application at flowering, but 
two were scheduled before ear emergence in an 
endeavour to influence the source - sink relations of 
grain set. An antitranspirant was applied to one 
of the treatments in this irrigation schedule to assess 
47 
41 
38 
112 183 
100 190 
112 217 
the effects of physiological water stress (Wright 
1972). Fertiliser was applied in another treatment 
in an attempt to modify source-sink relations by 
nutrition. 
MATERIALS AND METHODS 
A 3 x 4 x 2 factorial experiment was laid out in 
two randomised blocks on Wakanui silt loams on the 
Lincoln College Research Farm. Cereals had been 
grown on the trial site during the three previous 
seasons and before that a perennial ryegrass - white 
clover pasture. The treatments and levels of each 
were: 
A. Cultivar 
B. Irrigation 
C. Fertiliser 
(Triticum aestivum L.) 
o 'Arawa' 
1 'Aotea' 
2 'Karamu' 
o None 
I Early 
2 Early plus antitranspirant 
3 Late 
o None 
IN+K 
TABLE 2 - Crop parametel's measured on 13 November 1972 
Tillers Mean tiller Leaf area Stem wt. Leaf wt. Leaf & stem Main effects (no./m2) wt. ( cm2jtiller) (g/m) (g/m2) wt. LAI ~g) (g/m2) 
A Cultivar 
o 'Arawa' 522 1.47 50.7 637 126 763 2.67 
1 'Aotea' 601 1.01 43.9 491 117 608 2.64 
2 'Karamu' 555 1.27 24.3 632 71 703 1.35 
LSD(5%) 57 0.10 6.0 67 17 10 0.4 
B Irrigation 
o None 545 1.31 36.4 601 101 702 2.02 
I Early 588 1.16 40.4 573 102 674 2.37 
2 Antitranspirant 534 1.22 43.3 543 110 653 2.33 
3 Late '570 Ul 38.3 629 106 735 2.15 
LSD(5%) 66 0.11 7.0 78 19 75 0.5 
C Fertilisation 
0 None 510 1.28 37.5 557 88 645 1.91 
1 N+K 608 1.22 41.8 615 122 737 2.52 
LSD(5%) 46 0.08 4.9 55 14 64 0.4 
CV (%) 14 11 21 16 22 25 27 
There were no significant interactions 
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A Cultivars 
All plots (30 X 3 m) were sown in 15 cm rows 
by a combine drill with superphosphate at 250 kg/ha 
on 28 June 1972. A sowing rate of 100 kg/ha was 
selected for 'Aotea', and the rates of 'Arawa' and 
'Karamu' were adjusted for seed size and viability 
(Table 1). 'Karamu' wheat is a New Zealand 
release of a semi-dwarf hybrid (Lenna Rojo x 
Norin 10-Brevor 14) Andes3, bred by the Inter-
national Centre fol' Maize and Wheat Improvement 
in Mexico City (McEwan et al. 1972). This wheat 
was introduced into Au~tralia in 1963 by wheat 
breeders of the Wagga Wagga Research Institute and 
given the local accession ilumber WW15. Descrip· 
tions of 'Aotea' and 'Atlawa' wheats are readily 
available (McEwan 1959; Langer 1965; La~j;er & 
Khatri 1965). 
B Irrigation 
Bo; nOlle - In this treatment no water was applied 
and the plots were not reticulated with a trickle 
system. In this and all other irrigation treatments 
rainfall was not excluded. 
B l ; early -- Soil water wa~ restored to field capacity 
through a microtube trickle' reticulation system when-
eyer soil-water levels were depleted to -0.5 bars 
according to tensiometers buried at 30 cm in repre-
sentative plots. Between 6 October and 26 November 
230 mm were applied, coinciding with the period 
until anthesis. 
B'2; early plus antitranspirallt - Plots received the 
sume irrigation treatments as those in Bt. However, 
a stabilised emulsion of finely divided wax particles 
in water (Mobilcer C) was sprayed to fonn a wax 
layer of at least 1 f.L over all transpiring surfaces. 
All antitranspirant plots were sprayed on 18 and 
30 October. 'Karamu' plots were treated for the 
third time on 13 November soon after anthesis, 
'Arawa' plots at anthesis on 20 November, but 
'Aotea' plots not until 28 November, '5 days after 
anthesis, because of rain. 
B:l; late -- Plots in this treatment received no 
additional water except that from rainfall until 
after ear emergence when soil-water levels were 
restored to field capacity by the trickle irrigation 
system. 'Karamu' received 85 mm water during 
:-26 November. 'Arawa' and 'Aotea' were irrigated 
with 55 mm on 24-26 November. 
C Fertiliser 
Fertilised plots (Cl) were broadcast with 50 kg 
N/ha as nitrolime (23: 0 : 0) and 50 kg K/ha as 
potassium sulphate (0: 0 : 40) on 22 August 1972. 
Plots additional to the main design were. fertilised 
with 50 kg N/ha of nitrolime alone to assist in the 
analysis of confounding between nitrogen and 
potassium fertilisers. Soil tests of control plots 
sampled on 28 August 1972 gave the following 
results: pH 5.6, Ca 7, K 5, Truog P 10, Olson P 45. 
Pest control 
A MCPA-dicamba herbicide mixture (6: 1) was 
a.pplied at the rate of 2,451/ha on 26 September 
1972. Grain-eating birds were discouraged. The 
crop was not treated with insecticide, but fungicide 
was applied to seeds before sowing. 
Measurements 
On 6 September 1972, plant numbers were counted 
b~1 sampling six separate 1000 cm2 quadrats per plot. 
On 13 November and at ear emergence ohe 1000 cm3 
qt.adrat was cut from each plot and separated into a 
"leaf" and "stem" fraction. The "leaf" fraction con-
sisted of all living laminae removed at the junction 
'.' ith the leaf sheath, and the "stem" fraction consisted 
of all the remaining material. Live tillers were counted 
and leaf area detennined on a leaf area planimeter. 
After oven' drying at 75°c the separate fractions 
were weighed. 
Just before combine harvesting 10 separate 1000 cm!! 
quadrats per plot were selected at random and cut 
to ground level for detennination of straw yield and 
components of grain yield. Ears were counted and 
recorded. Spikelets per spike were counted on a 
random sample of 20 ears per plot. Grain was 
threshed and cleaned mechanically, weighed, and 
expressed at 14% moisture. Mean grain weight was 
established by counting and weighing a sample of 
';00 grains. Straw was weighed after drying to a 
wnstant weight at 75°c and expressed at 14% 
moisture. Combine yields were detennined by direct 
heading one 3'0 m strip down the centre of each 
plot after trimming and discarding 1 m off each end. 
After machine dressing the grain was weighed and 
the yields corrected to 14% moisture content. Soil 
water was monitored regularly by a gravimetric 
method based on three 0-20 cm soil cores per plot. 
Soil-water conteI\t was expressed on a dry-weight 
basis after drying to a constant weight at 105°c. 
RESULTS 
When above~ground material was harvested on 
13 November 'Karamu' was at ear emergence and 
the other cultivars at the boot stage. Data obtained 
from this harvest are presented in Table 2. There 
were no significant interactions. Plants from 'Arawa' 
plots generally had fewer tillers per square metre 
hut these were heavier and had a greater leaf area 
so that the dry-matter yields per square metre and 
leaf area indices were higher than those of the two 
shorter-strawed cultivars. The semi-dwarf 'Karamu', 
whkh was the .most advanced, was characterised by 
r.:gher proportions of stem and lowest leaf areas 
per tiller and leaf area indices. At this time the 
two early irrigation treatments (B1 and B2) resulted 
in lower dry-matter yields mainly because the stem 
fractions were lighter. Leaf area per tiller was in-
creased by these treatments as were leaf area indices. 
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Fig. 1 - Mean lengths of 'Aotea', 'Arawa'. and 
"Karamu' apices. 
Fig. 2 - Mean height of mainstem apices of 'Aotea', 
'Arawa', and 'Karamu' above roots. 
TABLE 3 - Components of grain yield of wheat at harvest for all main treatments 
Ear density spi~el~ts/ No .. grains/ No. grainsi Grain wt. Grain yield/ ear (no./m2) ear splkelet ear (mg) (g) 
A Cultivar 
o 'Arawa' 412 15.4 1.59 24.5 50.4 1.23 
1 'Aotea' 569 15.5 1.47 23.0 46.7 1.07 
2 'Karamu' 501 15.8 1.68 26.6 44.2 1.15 
LSD (,5%) 24 0.3 0.10 2.1 2.4 0.07 
H,Itrigation 
0
1 
None 478 15.4 1.72 26.5 47.1 1.24 
1 Early 505 15.6 1.50 23.4 46.7 1.08 
2 Antitranspirant 506 15.8 1.52 24.1 45.9 1.09 
3 Late 486 15.6 1.58 24.8 48.7 1.20 
LSD(,5%) 28 0.3 0.12 2.3 2.7 0.08 
C Fertilisation 
~ None 474 1.5.6 1.57 24.5 47.4 1.15 
, N+ K 514 15.6 1:59 24.8 46.8 1.15 
LSD (,5%) 19 0.2 0.08 1.9 1.9 0.05 
CV (%) 7 3 9 8 7 8 
1lbere were no significant interactions 
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Early irrigation delayed reproductive developm~nt 
and this may have caused the lower stem fraction. 
The fertiliser treatment (Cl) increased dry-matter 
yields and leaf area index roughly in proportion to 
the effect on tiller density. Tiller dry weights were 
slightly depressed and leaf area per tiller slightly 
increased by fertiliser. 
The components of dry-matter yields on 13 
November were modified by the stage of develop-
ment of the wheat. 'Karamu' plots were most 
advanced and this was reflected in their high pro-
portion of non-leaf. 'Aotea' plots were slowest and 
'Arawa' intermediate. The relative rates of repro-
ductive development of the three cultivars may be 
deduced from data from Fig. 1, which shows the 
length of the stem apex in its transformation to 
become an ear. The height of the apex above 
the roots (Fig. 2) serves as a measure of stem 
elongation. The early irrigation treatments (Bl and 
Ib) also tended to delay stem growth, and this 
reduced yielcJs of non-leaf dry matter. The fertiliser 
treatment (Cl) increased the proportion of leaf, 
but retarded development to a lesser extent. 
At the fin~l harvest grain yields were similar for 
riots of the shorter cultivars 'Aotea' and 'Karamu' 
(Tables 3, 4). 'Aotea' yields were characterised by 
the highest ear density and lowest grain weight per 
ear. 'Aotea' also had generally fewer grains per 
spikelet and per ear than the other cultivars, and 
its grains were intermediate in weight. 'Aotea' had 
a similar straw yield to 'Arawa' and consid('rably 
more straw than the semi-dwarf, so that its total 
biological yield at harvest was the highest of the 
three wheats. 'Karamu' produced slightly less grain 
than 'Aotea', although it had more grain per spikelet 
and per ear; its mean grain weight was lowest, and 
this reduced its mean grain yield per ear. A low 
straw yield resulted in a high harvest index. The 
tallest cultivar, 'Arawa', yielded least grain because 
it had the lowest population of ears, but its grain 
production per' ear was the highest, primarily be-
cause of its greater mean grain weight. 'Arawa' 
produced the most straw and had the lowest harvest 
index. 
The irrigation treatments gave the most interesting 
results (Tables 3, 4). Plots which were not irrigated 
(Bo) and those plots which were irrigated after ear-
emergence (B3) had similar responses except that the 
latter had slightly fewer grains per spikelet and there-
fore grains per ear and slightly lower grain yields per 
(;i)r and per square metre. In non-irrigated plots (Bo) 
soil-water levels in the top 15 cm fell steadily (Fig. 
3) during the period of reproductive development 
until rainfall raised levels to about 15% in late 
November (Table 5). The timing of application of 
water to the late irrigation (B3) plots depended on 
the different rates of development of the three cul-
tivars. Soil-water percentage in 'Karamu' plots 
was similar to that of Bo plots until irrigation in 
early November restored it to a level similar to 
TABLE 4-Mean grain and straw yields (14% moisture), harvest index, and height of wheat at harvest 
for all main treatments 
Main effects Grain Straw Grain and straw Harvest index Height (g/m2) (g/m2) (g/m2) (%) (cm) 
A Cultivar 
o 'Arawa' 507 952 1460 35.2 100.1 
1 'Aotea' 606 944 1550 39.3 90.6 
2 'Karamu' 581 678 1259 46.1 73.8 
LSD(5%) 30 66 78 2.2 1.6 
B Irrigation 
o None 591 807 1397 42.7 84.7 
1 Early 547 923 1470 37.6 91.6 
2 Antitranspirant 546 906 1451 38.3 91.4 
3 Late 577 797 1374 42.3 85.0 
LSD(5%) 35 76 90 2.6 1.9 
C Fertilisation 
o None 541 813 1354 40.2 87.1 
1N+K 588 903 1492 40.2 89.2 
LSD(5%) 25 '54 64 1.8 1.4 
CV (%) 7 11 8 8 3 
Significant 
none B x C* none A X BU interactions A X B* none B X C* 
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Fig. 3 - Mean soil-water contents of plots subjected 
to non-irrigated and irrigation treatments. 
those in B1 and B2 plots (Fig. 3). 'Aotea' and 
'Arawa' plots of the B3 treatment were irrigated 
soon after ear emergence and were thus subjected to 
decreasing soil water for most of November. The 
effect of the late irrigation treatment (B3) in re-
ducing the number of grains per spikelet was greater 
in 'Karamu' (14%) than in the later-developing 
New Zealand-bred cultivars ('Arawa' 3.4%; 'Aotea' 
7.6%). 
Wheat which was irrigated before ear emergence 
with (Bt) or without (B2) antitranspirant yielded 
less grain than the other two treatments (Table 4). 
These early irrigations increased ear density at 
harvest, had little effect on the mean number of 
spikelets per ear, but significantly decreased the mean 
number of grains per spikelet and the mean grain 
weight so that yield per ear and per square metre 
was lower. In these plots soil-water levels were 
maintained above 21% by irrigation until the end 
of November and by precipitation during early 
stages of grain-filling (Fig. 3, Table 5). These two 
treatments also boosted vegetative growth kpparently 
at the expense of reproductive growth so that straw 
yields and crop height increased but the harvest 
index was lowered. Use of the antitranspirant (B2) 
had no significant effect that could be attributed to 
this treatment. 
The fertiliser treatment increased the number of 
ears per square metre at harvest, but had no signi-
ficant effect on any of the other components of 
grain. yield. Thus fertiliser increased grain yields 
by increasing the ear population. Straw yields, crop 
height, and total dry-matter yields were also in-
creased (Tables 3, 4). Comparison of these yield 
data with those of additional plots receiving nitrogen 
but no potassium indicates that the observed response 
was attributable to the nitrogen component. 
DISCUSSION 
Irrigation of wheat before and just after ear 
emergence on these moisture-retentive Wakanui silt 
loams reduced grain yields mainly because of poor 
grain set (Tables 3, 4). Irrigation may raise the 
proportion of less productive lower-order tillers and 
so depress the mean ear size (Bremner 1969), but 
this was not the case, as ear numbers at harvest 
were only slightly affected (Table 3). Irrigation 
treatments associated with reduced grain set had 
little effect on oth~r components of yield, but they 
did increase straw yields and crop height and depress 
harvest index (Table 4). 
Grain set appears to be particularly sensitive to 
changes in crop-water status. Bingham (1966), for 
TABLE 5 - Rainfall and pan evaporation data (mm) for Lincoln College for 5-day periods from August 
1972 to January 1973 
August September October November December January 
Days Rain Evap. Rain Evap. Rain Evap. Rain Evap. Rain Evap. Rain Evap. 
1-5 3.4 3.0 0.1 10.5 20.2 0.3 21.4 18.0 14.5 2.9 38.3 
6-10 1.1 3.7 0.9 18.3 54.9 5.1 '0.6 26.0 0.2 21.3 29.8 
11-15 3.3 5.4 2.2 19.5 11.7 22.2 0.4 32.9 17.8 29.7 18.1 29.7 
16-20 2.2 7.0 7.7 20.8 2.5 17.6 2.3 29.4 4.2 28.1 30.9 
21-25 6.3 lQ.1 27.6 22.3 1:5 26.3 3.7 21.6 4.3 40.9 
26-31 10.7 804 1.6 16.5 5.1 32.0 11.6 18.3 0.6 41.0 3.6 42.9 
Total 26.9 37.5 12.5 11.3.2 74.2 119.4 16.7 154.3 44.5 156.2 28.9 212.5 
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example, has shown that water stress preceding 
pollen meiosis by a few days may result in male 
sterility and poor seed set. Campbell et al. (1969), 
in contrast, observed that wheat grown in soil just 
below field capacity suffered male sterility apparently 
cnused by changes in metabolism induced by low 
rates of soil oxygen diffusion. In the field, however, 
a substantial failure of grain set because of male 
slerility is unlikely because the wheat flower is female 
fertile. and cross-pollination is possible (Ounpbell 
et al. 1969). Cross-pollination. however, usually is 
not as efficient as self-pollination in wheat, and 
some reduction in grain set would occur (Khan 
et al. 1973). 
. Partitioning of dry-matter yields near ear emer-
gence and at harvest also revealed that reproduetivc 
growth had been retarded by the application of water 
(Tables 2, 4). Brouwer (1962) has noted that, 
generally, conditions which favour rapid growth 
tend to suit vegetative processes more than tepro-
ductive ones. Applications of water before ear 
emergence also increased leaf area indices during 
the period before anthesis, which is critical for grain 
set (Willey & Holliday 1971; Scott et al. 1973). 
The late irrigation treatment had little influence 
on the wheat crop, but was assoCiated with a reduc-
tion in grain set which was compensated by slightly 
larger mean grain weight (Table 3). In view of 
these responses it can be assumed that during the 
1972-73 season soil water did not limit grain-filling. 
The application of water soon after ear emergence 
also reduced grain set, but to a lesser degree than 
the early irrigation treatments. 
The antitranspirant treatment (B2) had no effect 
on the vegetative or reproductive growth despite the 
high rates of pan evaporation after applications 
began in mid October (Table 5). It could be con-
cluded that, in this season, water stress during ear 
determination either did not occur or had no 
measurable effect. Fuehring (1973) reported that in 
New Mexico, grain yields were raised by '5-17% 
by pre-boot applications of antitranspirants to irri-
gated sorghum crops. 
The fertiliser treatment did not affect the mean 
values of yield components of the ear, and raised 
grain yield by increasing ear populations (Table 3). 
It is, however, possible that nitrogen had two 
counteracting effects on the components of ear yield. 
Nitrogen fertiliser may have increased the propor· 
tions of less productive ears of lower-order tillers 
(Bremner 1969) and at the same time increased 
grain set (Langer & Liew 1973). It is also. possible 
that the applied nitrogen was taken up by the crop 
or lost by leaching (Ludecke & Tham 1971) before 
grain set, as it was applied in August and exposed 
to heavy rains soon after irrigation to field capacity 
in October (Table 5). 
'Karamu' was sown in June even though it was 
released as a spring wheat in New Zealand (MI.iEwan 
et al. 1972) and, probably because of its lower sen-
sitivity to vernalisation and photoperiod (Syme 
1968), it was earlier than 'Arawa' and 'Aotea' (Figs 
1, 2). Although spikes of 'Karamu' generally had 
more spikelets and grains per spikelet than the New 
Zealand cultivars, the grains were smaller (Tabl,~ 
3). Fisher (1973) noted that Norin 10 derivatives 
(such as 'Karamu') initiated more sptkelets than 
conventional ~arieties, and he also suggested that 
stronger apical dominance within the individual 
spikelet presumably prevented the precocious de-
velopment of the basal florets so that more distal 
florets were able to grow to the critical size for 
grain set (Langer & Hanif 1973). 
'Karamu' grains tended to be smaller than those 
of 'Arawa' and 'Aotea' (Table 3). Syme (1969) 
has suggested that maximum grain size of semi-dwarf 
wheats is inherently less than in normal wheats. 
The absence of an effect of late irrigation on grain 
size supports our previous observation (Scott et al. 
1973) that. nonnally, grain filling is not limited by 
soil-water availability on Wakanui silt loams. Grain-
filling in Canterbury wheat occurs at a time of high 
and rising levels of solar radiation and when the 
crop architecture is conducive to efficient light utilisa-
tion. Semi-dwarf wheats generally have a high ratio 
of grain weight to post-anthesis leaf area (Syme 
1969) and appear to have, in our sitqation at least, 
a faster rate of maturation. Thus grain size of 
'Karamu' may also reflect deficiencies in carbohydrate 
supply during grain-filling and its early senescence. 
Grain yields of 'Karamu' and 'Arawa' suffered 
from insufficient ear populations compared with 
'Aotea' (Table 3). In favourable circumstances on 
this soil type grain yields increase with ear densities 
up to 800 ears/m!! (Scott et al. 1973) .. In 'Aotea' 
a hish proportion of tillers survive and produce ears, 
but in 'Arawa' fewer tillers do so (Langer 1965). 
'Aotea' is classified by McEwan (1959) as a freely 
tillering wheat and 'Arawa' as one with moderate 
tillering capability. 'Arawa' also tends to suffer 
more from plant mortality or poor establishment 
in the field (Table 1), (Langer 1965). Poor estab-
hshment, a characteristic of semi-dwarf wheats, has 
been associated with reduced coleoptile elongation 
and seedling emergence, but this was not observed 
in 'Karamu' (Table 1) (AIlan et al. 1965). Indivi-
dual plants of 'Karamu' had a limited time for tiller 
production because this process ceases at or about 
flowering. 'Karamu' may have benefited from higher 
sowing rates, but this is not necessarily so, for 
Thome & Blacklock (1971) observed in England that 
s~mi-dwarf spring wheats were relatively insensitive 
to changes in sowing rate between 120 and 240 kgjha. 
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'Karamu' did not appear to differ from 'Aotea' 
and 'Arawa' in/its responses to nitrogen fertiliser 
(Tables 2, 3,4). Thorne & Blacklock (1971) found 
no evidence that short-strawed wheats required more 
nitrogen or responded better to nitrogen than tall 
wheats, but in New South Wales, Syme (1970) 
found that WW15 ('Karamu') was adapted to high-
yielding environments. Under the comparatively low 
fertility cOllditicms of this experiment 'Karamu' 
appeared to have no superior agronomtC features. 
These results imply that the semi-dwarf and New 
Zealand wheats are subject to, and equally susceptible 
to, the same limitations in our environment. 
The results obtained from this expeflment and our 
concurrent one (Scott et al. 1973) are consistent with 
the hypothesis of WilIey & Holliday (1971) that 
agronomic treatments may reduce grain set by 
limiting the availability of carbohydrates before 
anthesis. The early irrigation treatments retarded 
development and promoted vegetative growth at the 
expense of reproductive growth. These. responses 
are, according to Hrouwer (1962), indicative of 
plants which have low levels of soluble carbohydrate. 
Mild water stress, perhaps as experienced in wheat 
from non-irrigated and late-irrigated plots, may 
have improved grain set by increasing the supply of 
carbohydrate to the ear before anthesis (Willey & 
Holliday 1971), as utilisation of carbPhydrates in 
water-stressed plants is likely to be less affected 
than their assimilation (Brouwer 1962; Hsiao 1973). 
Growth may be maintained at low tissue-water 
potentials if the osmoticpotendal is lowered by the 
transport of solutes from other less essential parts 
of the plant (Meyer & Hoyer 1972). Either or both 
of these mechanisms may have contributed to the 
observed differences in grain set. 
The semi-dwarf 'Karamu's' responses could also 
be interpreted on the basis that carbohydrate limits 
grain set. Before anthesis 'Karamu' plots had lower 
leaf area indices (Table 2) and plants may have 
had higher net assimilation rates and, presumably, 
higher soluble carbohydrate status than the New 
Zealand cultivars (Scctt et al. 1973). During grain 
set there should also have been considerably less 
competition for assimilates from the stem sink of 
the semi-dwarf (Patrick· 1972) and more grains may 
have formed as a result. 
Modern New Zealand cultivars have been selected 
for yield and quality in the absence of irrigation 
and under medium soil fertility, and they may benefit 
from some mild nutritional or water stress during 
early phases of ear growth. Currently, Wincbmore 
workers recommend that wheat growing on Lismore 
stony silt loams should be irrigated when soil-water 
levels in the top 15 cm fall to. the wilting point 
( 10% ) at any time up to flowering (Dr.ewitt & 
Rickard 1971). Normally this means that wheat is 
irrigated once between early November ~md mid 
December, a period which coincides with the booting 
to flowering stage. Irrigated or non-irrigated wheat 
crops in Canterbury will, therefore, in most years 
be subject to increasing soil-moisture deficits during 
the growth stage when the number of grains per 
spikelet is determined. Mild water stress appears to 
have no measurable effect on grain yield of field 
wheat. and early irrigation has no positive effect 
(Drewitt & Rickard 1971). Conversely: Langer & 
Ampong (1970) found in a pot trial that water 
stress drastically reduced grain number per ear in 
New Zealand wheats when imposed at the stage of 
spikelet formation, but it seems likely that the 
intensity of water stress far exceeded that occurring 
up to f10weriag on Lismore stony silt )oams in most 
seasons. 
We may draw some conclusions from this experi-
ment and the one reported earlier (Scott et al. 1973). 
On moisture-retentive. ootentially high-yielding soils 
in CanterbUry gram set appears to be limited by the 
~vailability of carbohyqrate before anthesis. 
Agronomic treatments which may lower carbo-
hydrate levels by increasing their consumption or 
by decreasing their assimilation include excessive 
sowing rates, the use of poorly structured wheat 
c.ultivars. and the promotion of vegetative growth 
by water or nutrition at the expense of reproductive 
growth. 
Controversy exists in Canterbury as to whether 
soils with poor or high moisture retention properties 
should receive priority for supplies of irrigation 
water. In an age when water is rapidly becoming a 
limited resoun;e it is imperative that all water is 
used efficiently, and it seems unwise, in view of 
these results, to advocate the widespread use of 
irrigation for wheat in high-fertility soils with a 
high volume of stored water available to the plant. 
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Levels of water .. soluble carbohydrate in 
the pre .. anthesis ear of wheat, and grain 
set per spikelet 
By C. T. DOUGHERTY, K. R. ROONEY. W. R. SCOTT, AND R. H. M. LANGER 
Department of Plant Science, Lincoln College, Canterbury, New Zealand 
(Received 17 April 1975) 
ABSTRACT 
Low levels of water-soluble carbohydrates in wheat ears before emergence were 
associated with poor grain set per spikelet when seeding rates were approximately twice 
conventional ones. Grain set and grain filling in 'Arawa' were better than in 'Aotea',and 
'Arawa' also had higher levels of water-soluble carbohydrate in the pre-anthesis ears. There 
Was no obvious relationship between nitrogen fertilisation and water-soluble carbohydrate 
content of ears near emergence. Irrigation tended to lower levels of water-soluble carbo-
hydrate in pre-ljnthesis ears of 'Aotea' and 'Arawa' and reduce grain set. Reduction in 
~rain set through irrigation was greater in wheat to which nitrpgen fertiliser was applied. 
Karamu', a semidwarf wheat, set more grains in mid-ear spikelets when nitrogen was 
applied, whereas the New Zealand cultivars 'Aotea' and 'Arawa' did not. 
INTRODUCTION 
Many researchers have implied, on the basis 
of shading, defoliation, water stress, sowing rate, 
and other treatments, that floret growth and 
grain set are limited by the availability of 
assimilate, particularly during the period of rapid 
ear growth which precedes an thesis (e.g., WiJley 
& Holliday 1971; Fischer 1973; Pendleton & 
Weibel 1965; Scott et al. 1973; Lupton et al. 
1974; Dougherty et al. 1974; Dougherty & Langer 
1974; Wardlaw 1970), and in a recent review 
Ringham (1972) wrote "Presumably the ultimate 
cause of floret failure in normal conditions is 
insufficient assimilate supply." However, little 
evidence has been forwarded to show that the 
levels of assimilate in developing ears are affected 
by agronomic treatments or by the crop environ-
ment. In this paper we relate differences in the 
levels of water-soluble carbohydrates in the pre-
anthesis ears to grain set. 
MATERIALS AND METHODS 
The details of the factorial experiment with 
two blocks on which this paper is based have 
been presented in a previous paper (Oougherty 
et al. 1975). The four factors and their levels 
were as follows: 
Cultivars 
CO: 
Cl: 
C2: 
Irrigation 
WO: 
Wl: 
W2: 
'Arawa' 
'Aotea' 
'Karamu' 
Not irrigated 
Irrigated 20 November to 18 December 
Irrigated 3 December to 18 December 
Sowing rate 
SO: 250 viable seeds/m2 
S1: 500 viable seeds/m2 
Nitrogen fertilisation 
NO: None 
Nl: 200 kg N/ha 
Sub-plots were thinned at weekly intervals from 
5 October 1973, soon after the double-ridge stage 
of reproductive development, until near anthesis 
(3 December) to leave one mainstem per 1000 
cm2• Tillers developing on these mainstems were 
cut off near their origin at weekly intervals as 
they appeared. On maturation. grains were 
removed, counted, dried to constant weight at 
60°c, and weighed for each of six spikelets located 
at positions 7 to 12 from the base of the spike. 
On several occasions between the boot stage 
and an thesis mainstems were severed at the soil 
N.Z. Journal 0/ Agricultural Research 18: 351-6 
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TABLE 1 - Effect of thinning at weekly intervals 
on mean grain set (grains/spikeiet) and grain size 
of spikelets 7-12 of mainstems during pre-anthesis 
floret growth 
Date of No. grains/ Mean grain 
thinning spikelet weight (mg) 
5 November 3.49 42.3 
12 November 3.43 42.2 
19 November 3.36 42.5 
26 November 3.32 42.7 
3 December 3.27 44.1 
LSD (5%) 0.20 2.5 
TABLE 2 - Grain set and mean grain size in 
spikelets 7-12 of mainstem ears for main effects of 
the thinning experiment 
Grains/spikelet Grain dry 
(no.) weight (mg) 
Cultivar 
CO 3.43 45.8 
Cl 3.27 38.1 
C2 3.36 44.8 
LSD (5%) 0.12 1.5 
Irrigation 
WO 3.54 43.5 
Wl 3.17 44.2 
W2 3.35 42.8 
LSD (5%) 0.12 1.5 
Sowing rate 
SO 3.48 43.1 
SI 3.24 42.7 
LSD (5%) 0.10 1.2 
Nitrogen 
NO 3.30 44.7 
NI 3.41 41.1 
LSD (5%) 0.10 1.2 
surface and 10 ears per treatment were removed 
and inundated in liquid nitrogen in the 
laboratory. Samples were stored at -18°c until 
lyophylised and ground by hammer mill to pass a 
40-mesh sieve. Sub-samples in triplicate of 200 mg 
were shaken in 30 ml distilled water and the 
filtrate analysed for water-soluble carbohydrates 
by the phenol-sulphuric acid method of Hodge 
& Hofreiter (1962). Glucose was used for 
standards and soluble carbohydrat~ levels 
expressed as glucose equivalents. 
RESULTS 
Thinning experiment 
Thinning the tiller population to one main-
stem per 1000 cm2 during early November 
resulted in the formation of up to 3.5 grains 
per spikelet in the middle of the ear. but had no 
appreciable effect on mean grain weight (Table 
1) . In contrast, mid-ear spikelets of mainstems 
TABLE 3 - Effect of nitrogen (N) and irrigation 
(W) on mean grain numbers per mid-ear spikelet 
(LSD (5%): 0.17) 
Nitrogen 
NO NI 
Cultivar 
CO 3.42 3.44 
Ct 3.28 3.27 
C2 3.19 3.53 
Irrigation 
WO 3.60 3.49 
Wl 3.06 3.29 
W2 3.24 3.46 
TABLE 4 - Mean dlJ weight. water-soluble carbohydrate levels of ears of 'Karamu' harvested 
on 29 November. an· mean number of grains perspik.elet at final harvest for mainstem ears 
and for all ears 
Ear dry wt. Carbohydrate Grains/spikelet (g/ear) (mg/ear) Mainstem ears All cars 
A Sampling time 
1200h 0.39 102 2.36 1.64 
1500h 0.39 116 2.36 1.64 
W Irrigation 
WO 0.40 117 2.31 1.65 
Wl 0.39 102 2.41 1.63 
S Sowing rate 
SO 0.41 114 2.48 1.78 
SI 0.38 105 2.24 1.49 
N Nitrogen 
NO 0.38 107 2.34 1.61 
NI 0.40 112 2.38 1.67 
LSD (5%) 0.02 13 0.11 0.06 
Significant interactions none A x NU none none 
153 
DOUGHERTY et al.: CARllOHYDRATE AND GRAIN SET IN WHEAT EARS 
TABLE 5 - Interactions between sampling time (A) 
and nitrogen treatment (N) for water-soluble carbo-
hydrate (mg/ear) in 'Karamu' ears on 29 November 
NO 
NI 
(LSD (5%): 18) 
Sampling time 
1200 h 1500 h 
91 
114 
123 
110 
growing within the unthinned crop averaged· 
2.87 grains per spikelet. Because there were 
no interactions between the factors and the time 
of thinning, the responses to thinning and to .the 
factorial treatments for grain set and grain weight 
are shown separately (Table 2). Grain set per 
spikelet was significantly less in 'Karamu' than in 
'Aotea' and 'Arawa' in the absence of nitrogen 
fertiliser, but it improved markedly with nitrogen 
fertilisation in contrast to the response of the 
New Zealand cultivars (Table 3). Irrigation 
(W1 and W2) depressed grain set in mid-ear 
spikelets of wheat not fertilised with nitrogen, 
particularly when irrigated on the early schedule 
(W1) (Table 3). Nitrogen fertiliser improved 
grain set in irrigated wheat, but depressed grain 
set in unirrigated wheat (Table 3). Irriga-
tion had no significant effect on mean grain 
weight, but nitrogen fertiliser depressed it (Table 
2). 'Aotea' grains were significantly lighter than 
those of the other two cultivars. Fewer grains 
were formed in mid-ear spikelets of wheat grow-
ing in the high sowing rate treatment, but grain 
weight was not significantly affected (Table 2). 
TABLE 7 - Effect of sowing rate (S) on mean ear 
dry weight (gjear) of 'Arawa' and 'Aotea' ears on 
6 December (LSD (5%): 0.12) 
SO 
SI 
'Arawa' 
0.35 
0.29 
Water-soluble carbohydrate in 
pre-anthesis ears 
'Aotea' 
0.17 
0.18 
When 'Karamu' ears were analysed at noon 
and 1500 h on 29 November about the time of 
their emergence, levels of water-soluble carbo-
hydrate (mg/ear) were lowered by irrigation and 
high sowing rate and increased by nitrogen 
fertilisation (Tables 4, 5). Grain set, as indicated 
by mean numbers of grain per spikelet at the 
final harvest, was higher in mainstem ears than in 
all ears. Fewer grains per spikelet were formed 
in ears from wheat grown at the high sowing rate 
(Table 4) . Irrigation increased grain set in 
'Karamu' mainstem ears, but this trend was not 
apparent in ears representing the whole popula-
tion (Table 4). Nitrogen fertiliser only had a 
slight, non-significant effect on grain set. All 
treatments had relatively little effect on mean 
ear dry weights. 
'Arawa' and 'Aotea' ears were analysed for 
water-soluble carbohydrates soon after ear 
emergence at 1400 h on 6 December and at 
1000 h on 12 December 1973. 'Aotea' was at an 
earlier stage of development (Table 6), as 
indicated by its mean ear dry weight. High 
TABLE 6-Watel'-soluble carbohydrates, dry weights of 'Arawa' (CO)· and 'Aotea' (Cl) ears harvested 
at 1400 h on 6 December and at 1000 h on 12 December, and mean numbers of grains per spikelet for 
mainstem and for all ears 
Ear dry wt. Soluble carbohYclrates Grains/spikelet 
(g/ear) (mg/ear) (no.) 
6.12.73 12.12.73 6.12.73 12.12.73 Mainstem ears All ears 
Ctiltivar 
CO 0.32 0.36 115 68 2.43 1.52 
Cl 0.17 0.25 96 49 2.06 1.44 
Irrigation 
WO 0.28 0.33 123 64 2.30 1.49 
Wl 0.22 0.29 89 53 2.18 1.47 
Sowing rate 
SO 0.26 0.33 ll3 65 2.36 1.59 
SI 0.24 0.28 99 52 2.12 1.38 
Nitrogen 
NO 0.25 0.31 ll8 58 2.24 1.54 
NI 0.25 0.30 94 59 2.24 1.42 
LSD (5%) 0.02 0.01 29 6 0.09 0.06 
Significant C x S'~ none none interactions none none none 
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sowing rate depressed the dry weight of 'Arawa' 
ears (Table 7). Ear dry weights were also less 
in irrigated wheat, but nitrogen fertiliser had no 
dIect. Less water-soluble carbohydrate was 
recorded in ears from 'Aotea', from irrigated 
wheat, from wheat grown at the high sowing rate, 
and, on 6 December, in wheat fertilised with 
nitrogel1 (Table 6). On both 6 and 12 December 
'Arawa' had more water-soluble carbohydrate 
in the ear and the same cultivar was characterised 
by better grain set than 'Aotea' (Table 6). 
Irrigation depressed water-soluble carbohydrate 
levels in ears and reduced grain set, particularly 
in mainstem ears. The high sowing rate also 
reduced water-soluble carbohydrate in ears and 
decreased grain set. Nitrogen fertiliser had little 
effect on the quantities of water-soluble carbo-
hydrate in the ear or on gl'ain set (Table 6). 
'Arawa' and' Aotea' diffel'ed from 'Karamu' only 
in the effect of nitrogen fertiliser on levels of 
water-soluble carbohydrate in the ear (Table 4, 
6). 
DISCUSSION 
Grain set in mid-ear spikelets of ears of main-
stems improved particularly when plants were 
thinned soon after floral initiation (Table 1). 
Thinning right up to ear emergence continued to 
result in better grain set, for in unthinned control 
plots the mid-ear spikelets averaged only 2.87 
grains per spikelet. Probably most of the effect 
of the thinning treatment is attributable to a 
reduction in the level of competition for light. 
This is in line with the results of a previous 
experiment in which we found that net assimila-
tion rates were lower during early reproductive 
growth of 'Aotea' grown at above-normal seeding 
rates (Scott et al. 1973). In that instance poor 
grain set was related to lower crop growth and 
net assimilation rates and high leaf area indices 
during pre-anthesis ear growth, Other data on 
the development of ears in this crop (Scott et al. 
1975), and the work of Langer & Hanif (1973) 
on 'Aotea', indicate that mid-ear spikelets are the 
least plastic with respect to grain set, and hence 
the effect of thinning may be more marked on 
the spikelets at the extremities of the ear. We 
appreciate that the thinning treatments may have 
had effects other than reducing light competition, 
such as improved supply of soil water and 
nutrients, especially nitrogen,' but we consider 
the light effect to have been the most important. 
The stage of development of wheat which is the 
most sensitive to shading and water stress with 
respect to grain set has been identified as that 
of rapid ear growth, approximately 2 weeks 
before anthesis when competition for substrates, 
particularly from stem internodes, is likely to be 
intense (Patrick 1972; Fischer 1973; Bitlgham 
1972; Lupton et al. 1974). Wardlaw (1970) has 
shown that grain set is also sensitive to assimilate 
supplies for 10 days after anthesis. These views 
conflict with those of Puckridge (1968) and 
WilIey & Holliday (1971), who believe that the 
whole of the ear development period is important 
and that there is no particularly sensitive phase. 
Regrettably, the results of our thinning experi-
ment are not entirely conclusive, for, although 
the earliest thinning had the most effect on grain 
set, the treatments involved different time 
intervals and they ceased too early, Two 
additional weekly thinning treatments would have 
been useful in this analysis, for then the experi-
ment would have encompased the entire period 
of rapid ear growth preceding anthesis and the 
early sensitive part of grain growth. However, 
as continuing competition within the crop from 
3 December resulted in the reduction from 3.27 to 
2,87 of grain numbers in mid-ear spikelets, it can 
be assumed that what appears to be the most 
sensitive stage of this crop, with respect to 
grain set. coincided with rapid ear growth and 
early stages of grain formation. 
Nitrogen fertiliser improved grain set in mid-
ear spikelets of mainstems of the semidwarf 
wheat 'Karamu' but not in the New Zealand 
cultivars (Table 3). Syme (1970) also noted 
that grain set in the predecessor of 'Karamu' 
improved with better nitrogen nutrition. Al-
though grain set in 'Aotea' and 'Arawa' are 
affected by nitrogen nutrition (Langer & Hanif 
1973; Langer & Liew 1973), it is apparent 
that the semi dwarf wheats are more responsive 
to higher fertility than standard wheats (Syme 
1970). Comparisons of standard New Zealand 
cultivars with 'Karamu' are complicated by the 
considerable differences in stage of development 
arising from the early floral initiation of the 
semidwarf. In this spring-sown experiment 
'Karamu' reached the double-ridge stage on 
16 October, 'Arawa' on 23 October, and 'Aotea' 
on 29 October (Dougherty et al. 1975). 
Poor grain set occurred in wheat which had 
lower levels of water-soluble carbohydrate in 
the ear during the period of rapid ear growth. In 
a previous experiment we noted that poor grain 
set was associated with low net assimilation rates 
and high leaf area indices during the pre-anthesis 
period of ear development and with supra-optimal 
sowing rates (Scott et al. 1973). Differences in 
grain set between cultivars and the effects of 
irrigation and nitrogen fertilisation may at least 
be partially attributable to variations in the 
supply of assimilate to the developing ear. 
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Frequently, tillers of wheat growing under 
stress conditions in the field appear to have' as 
few as one functional leaf. This deficiency may 
limit the supply of assimilate to the ear, for, as 
Patrick (1972) observed, the ear is supplied 
from the three uppermost leaves and sheaths 
before ear emergence and by the flag leaf after 
its emergence. Until pollination the ear remains 
a minor sink (Lupton 1968) and, although it 
usually competes successfully with stem extension, 
the growth of the ear primordium appears limited 
by the availability of substrate (Patrick 1972). 
Lupton et al. (1974) found that high grain yields 
were correlated with rapid rates of pre-anthesis 
ear growth and with flag-leaf-area duration. The 
advantages of semidwarf wheats may lie, accord-
ing to Bingham (1972), in a more favourable 
distribution of assimilates, as the Norin 10 genes 
restrict the competitiveness of the internodes of 
the stem during the week preceding anthesis. 
The level of assimilate destined for the develop-
ing ear depends on the relative strengths of the 
competing vegetative sinks (Wardlaw et al. 
1965). Irrigation, which favours vegetative sinks, 
may reduce the amounts of assimilate reaching 
the developing ear and thus reduce grain set. 
Conversely, mild water stress may increase grain 
set, perhaps by encouraging the concentration of 
sucrose in the developing ear by osmoregulation 
(Hsiao 1973). In a previous field experiment 
we attributed a yield depression in irrigated, 
nitrogen-fertilised wheat to changes in sink com-
petitiveness (Dougherty & Langer 1974). 
Generally, ear dry weights were lower in ears 
that had less water-soluble carbohydrate (Tables 
4, 6). If, as we suggest, the rate of ear develop-
ment is regulated by the level of assimilate, treat-
ments causing long-term reductions in assimilate 
supply should decrease ear growth rates. The 
nitrogen fertiliser treatment had little effect on 
ear dry weights, soluble-carbohydrate levels, or 
grain set, but under other Circumstances nitrogen 
fertiliser may reduce (Dougherty & Langer 1974) 
or increase (Langer & Liew 1973) grain set. 
Usually, however, nitrogen fertiliser appears to 
delay ear development, as does irrigation 
(Dougherty & Langer 1974). Delayed develop-
ment in itself may not lead to reduced ear yields 
if the period of rapid ear growth is not shortened, 
and it could lead to an increase in ear yield if 
extended, so that more functional florets develop 
to set grain (Bingham 1972). Generally, however, 
treatments do not affect the time of floral 
initiation, so it can be assumed that treatments 
which reduced carbohydmte levels and ear dry 
weights reduced the growth rate of the ear. 
Lupton et al. (1974) found that grain yields were 
positively correlated with primordium length, and 
in fast-growing genotypes ears developed. more 
quickly than other parts of the canopy. Thus it 
appears that the size and rate of development of 
the pre-anthesis ear are related to the availability 
of assimilate. 
Langer & Hanif (1973) also observed that 
distal florets degenerated before ear emergence, 
but the ones in intermediate positions, which they 
called potentially fertile florets, continued to 
develop until soon after fertilisation of lower 
florets. These authors also noted that potentially 
fertile florets needed a fast rate of development 
to reach the critical size for pollination, although 
the mechanism which triggered the degeneration 
of these florets was a matter for conjecture. 
The results of our carbohydrate analyses, the 
thinning experiment, and our field experiments 
(Scott et al. 1973; Dougherty et al. 1974; 
Dougherty & Langcr 1974; Dougherty et al. 1975) 
indicate that the degeneration of potentially fertile 
florets in the field may occur when carbohydrate 
levels in the developing ear fall to sub-critical 
levels. Bingham (1972) also concluded that the 
ultimate cause of floret failure in normal condi-
tions is insufficient assimilate supply. Thus it is 
not unreasonable to assume that environmental 
and agronomic factors which alter the supply of 
substl'ate to the developing ear affect its growth 
rate and grain yield. 
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Effects of sowing rate~ irrigation~ and nitrogen 
on the cODlponents of yield of spring-sown 
semidwarf and standard New Zealand wheats 
By C. T. DOUGHERTY, W. R. SCOTT, AND R. H. M. LANGER 
Lincoln College, Canterbury, New Zealand 
(Received 6 November 1974) 
ABSTRACT 
'Karamu', a Mexican semidwarf wheat, out yielded 'Aotea' and 'Arawa' by an average 
of 20% when spring sown because of better grain .set per spikelet and by the formation of 
more sr.ikelets per ear. Irrigation raised grain yields in all cultivars by increasing till~r 
surviva. Sowing at twice conventional rates depressed grain yields in all cultivars by 
reducing grain set. Nitrogen fertilisation lowered grain yields of all cultivars by 7% in 
un irrigated plots by decreasing ear populations, apparently by intensifying water stress. 
Nitrogen applied at the same rate to irrigated plots increased ear populations and grain yields 
by t 0%. Responses support the hypothesis that poor grain set in wheat in the field is caused 
by insufficient assimilate supply to the developing ear. 
INTRODUCTION 
Grain yields of wheat grown on moisture-
retentive soils such as Wakanui silt loam may 
frequently be limited by low populations of ear-
bearing tillers (Scott et al. 1973; Dougherty et al. 
1974). The dynamics of tiller populations of 
wheat crops are quite complex and considerable 
emphasis on the processes involved in tiller 
survival seems warranted, particularly as mor-
talities of 40% or more appear normal (Langer 
1965; Scott et al. 1973; Dougherty & Langer 
1974). Although the physiological mechanisms 
are not fully understood (Jewiss 1972; Langer 
et al. 1973), tiller production does not appear to 
be limiting in our wheat crops possibly because 
New Zealand cultivars are relatively freely tiller-
ing (McEwan 1959). Overproduction of tillers 
may, however, limit yields in certain circum-
stances (Dougherty et al. 1974). 
Among the components of yield of wheat grain 
set per spikelet appears to be one of the most 
sensitive of the agronomic and environmental 
pressures (Scott et al. 1973; Dougherty et al. 
1974; Dougherty & Langer 1974). Langer & 
Hanif (1973) have shown that florets which 
reach a certain size by the time of pollination may 
develop grains while the remainder degenerate. 
Carbohydrate supplies to the developing spikelet 
during the preanthesis period of ear development 
may regulate the rate of floret growth and thus 
predetermine grain set (Bingham 1972; Lupton 
et al. 1974). 
When ear densities approach 800/m:: grain 
yields tend to reach a plateau as more and more 
lower order and, therefore, lower yielding ears 
reach harvest able size (Dougherty et al. 1974). 
At higher densities competition between tillers 
also appears to intensify so that grain set is 
reduced. The number of grains formed in each 
spikelet seems to be largely determined by com-
petition for assimilates during preanthesis floret 
growth (Scott ei al. 1973; Dougherty et al. 1974; 
Dougherty & Langer 1974). 
The objective of the field experiment described 
here was to create, by agronomic means, internal 
stresses which were expected to modify grain set 
and to analyse the effects of these treatments on 
the components of yield and their regulation. A 
second paper in this series will report on the 
effects of these treatments on the levels of soluble 
carbohydrates in the preanthesis ear and in 
another we will present more detailed analyses 
of the growth of mainstem ears. 
MATERIALS AND METHODS 
Experimental design 
A 3 X 3 X 2 X 2 factorial experiment was 
laid out in two randomised blocks on Wakanui 
silt loams on the Lincoln College Research Farm. 
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Previously the site was occupied by an irrigated 
permanent pasture composed mainly of white 
clover and perennial ryegrass. The treatments 
and their levels were as follows: 
CuItivars 
CO: 'Arawa' 
Cl: 'Aotea' 
C2: 'Karamu' 
Irrigation 
WO: Not irrigated 
W1: Early irrigation 
W2: Late irrigation 
Sowing rate 
SO: Approximately 250 viable seeds/m2 
SI: Approximately 500 viable seeds/m2 
Nitrogen fertilisation 
NO: None 
NI: 200 kg N/ha 
Establishment 
Initially all plots were sown on 2 and 3 July 
1973 and nitrogen applied to NI plots at 100 kg 
N/ha on 30-31 August 1973. Population counts 
on 13 September revealed that fewer than 100 
plants/m2 had established and that there was 
much variability. All plots were sprayed with a 
paraquat-diquat mixture on 13 September to 
destroy all vegetation. The poor establishment 
was thought to be attributable to the wet soil 
conditions brought about by an unusually wet 
period during August. On 14 September all 
plots were redrilled and treatments re-established, 
and on 18 September all plots were re·sprayed 
with paraquat-diquat to destroy remnants of the 
first planting before the emer~ence of the second. 
Sowing rate 
The plots (30 X 3 m) were sown with a cam· 
bine drill in 15 cm rows with superphosphate at 
300 kg/ha. Sowing rates for each cultivar were 
adjusted for viability and seed size to give 
approximately 250 viable seeds/m2 at the low 
TABLE 1 - Characteristics of seed, rates of sowing 
and establishment 
Arawa Aotea Karamu 
Seed weight (mg) 46.3 30.0 46.3 
Germination (%) 92.5 93.5 95.0 
Sowing rates (kg/ha) 
SO 126 83 123 
SI 248 166 246 
Viable seeds/m!! 
SO 252 259 252 
SI 495 517 504 
Establishment (%) 
SO 98 70 73 
SI 92 56 78 
TABLE 2 - Ammonium and nitrate nitrogen (k~/ha) 
.in various soil zones on 18 September 1973 
Zone NO NI (cm) NB4 +·N NOa -·N NH.t +·N N03-·N 
0-10 3.2 2.4 65.7 76.4 
10-20 3.1 4.3 18.5 56.0 
20-40 2.3 7.5 12.5 39.6 
40-60 2.4 17.4 4.8 29.6 
60-90 4.4 42.5 7.3 42.4 
Total 15.3 74.1 108.7 244.0 
sowing rate (SO) and 500 viable seeds/m2 for 
the high rate (SI) (Table 1). The lower rate, 
approximately 120 kg/ha for 'Arawa' and 
'Karamu', is normal for spring·sown wheat in 
this location (Scott et al. 1973). Sowing rates of 
'Aotea' were considerably less because of small 
seed size. 
Cultivars 
Descriptions of the three cultivars used have 
been published (McEwan 1959; McEwan et al. 
1972) . 'Arawa' was selected because of its tall 
growth habit and its lower tillering characteristic. 
'Aotea' was included primarily because of its 
ability to tiUer. 'Karamu', a semidwarf wheat, 
has the potential to produce more grain per 
spikelet (Dougherty et al. 1974) and is recom· 
mended as a suitable spring wheat for this area 
(Smith 1974). 
TABLE 3 - Ammonium and nitrate nitrogen (kg/ha) 
in various soil zones of unfertilised treatments (NO) 
on 27 Seotember 1973 
Zone .(cm) NH4 +·N NO:I-·N Total 
0-10 3.3 7.9 11.1 
10-20 4.6 12.6 17.2 
20-40 4.5 27.2 31.8 
40-60 4.7 28.4 33.1 
60-90 14.3 34.5 48.8 
Total 31.4 110.5 142.0 
r ABLE 4 - Mean dates of reproductive stages of 
development of 'Karamu', 'Arawa' and 'Aotea' 
'Karamu' 
'Arawa' 
'Aotea' 
Stages of development 
Double Ear 
ridge emergence 
16 Oct 24 Nov 
23 Oct 3 Dec 
29 Oct 6 Dec 
Anthesis 
3 Dec 
10 Dec 
13 Dec 
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Fig. 1 - Mean height of mainstem spices of 'Arawa', 
'Aotea', and 'Karamu' above roots. 
Irrigation 
Irrigated plots were reticulated with a 
microtube trickle system and the irrigation 
schedule based on tensiometer measurements of 
soil water potential at 30 cm depth. Soil water 
levels in irrigated plots were maintained above 
-0.5 bars for the duration of the irrigation treat-
ments. Control plots (WO) were not irrigated 
except for 3 mm applied on 25 October to carry 
insecticide into the root zone. The early irriga-
tion treatment began on 20 November when 
'Karamu' plots were at late boot (Feekes 10), 
'Arawa' with the flag leaf fully emerged (Feekes 
9), and 'Aotea' with the flag leaf emerging 
(Feekes 8 + ) . The late irrigation (W2) began 
on 3 December for 'Karamu' (at anthesis; 
Feekes 1O.S) and 'Arawa' (ears emerging; Feekes 
10.1), and for 'Aotea' plots on 12 December when 
ears were emerging (Feekes 10.1). All irrigation 
treatments (Wl and W2) ended on 18 December. 
Nitrogen fertilisation 
Nitrogen as nitrolim'e (26: 0: 0) was broadcast 
at 100 kg N/ha on 30 and 31 AuglJst on all NI 
plots. Rain (27 mm) fell in the next 24 hand 
considerable leaching may have resulted because 
of high soil water content after the 149 mm 
total precipitation of August. Soil samples were 
taken on 18 and 27 September and analysed by 
T. E. Ludecke, Department of Soil Science, 
Lincoln College, for ammonium and nitrate 
nitrogen (Tables 2,3). On 30 October nitrolime 
was applied at 100 kg N/ha to all plots receiving 
the NI treatments. 
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Fig. 2 - Mean lengths of 'Arawa', 'Aotea', and 
'Karamu' spikes. 
Pest and weed control 
Phorate granules were applied at the rate of 
225 g a.i./ha on 24 October 1973 followed by 
3 mm of spray irrigation the next day to promote 
root uptake for the control of Argentine stem 
weevil (Hyperodes bonariensis Kusch.). On 
30 October all plots were sprayed with benomyl 
(280 g a.i./ha) to reduce the incidence of 
powdery mildew (Erysiphe graminis D.C.) and 
with MCPA (630 g a.i./ha) and dicamba (10S g 
a.i./ha) to control weeds. On 5 December 
d~meton·S-methyl (250 g a.i./ha) was applied by 
air to control ·cereal aphid (Rhopa/osiphum 
padi L.). 
Analyses of yield 
At maturity 10 separate 1000 cm2 quadrats 
per plot were' selected at random and cut to 
ground level and pooled for determination of 
straw yield and components of grain yield. Barren 
and fertile spikelets were counted on a random 
subsample of 20 ears per quadrat. Grain from the 
quadrats was threshed and cleaned mechanically 
before weighing. Mean grain weight was 
established by counting and weighing a sUbsample 
of ·400 grains. Straw was weighed after drying 
.to a constant weight at 7Soc. Grain and straw 
yields were expressed at 14% moisture content. 
Reproductive development 
At weekly intervals from 23 October main 
shoots were sampled from all plots. Until the 
double ridge stage was reached the apical meri-
stems were dissected and their lengths measured. 
After this stage, the growth in length of the 
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TABLE 5 - Plant densities (10 October 1973) 
number of ears/plant and/m2 at harvest 
Plant Ears/plant Ears/m:! 
density 
Cultivar 
CO 354 1.51 488 
Cl 237 2.64 588 
C2 290 2.05 530 
LSD (50/0) 26 0.19 37 
Irrigation 
WO 299 1.71 453 
Wl 291 2.34 588 
W2 290 2.15 565 
LSD (5%) 26 0.19 37 
Sowing rate 
SO 208 2.54 505 
SI 379 1.59 566 
LSD (5%) 21 0.15 31 
Nitro~en 
NO 295 1.97 515 
NI 291 2.16 556 
LSD (5%) 21 0.15 31 
Significant C X S"'· C X W""" C X W'" 
interactions Wx N'" WX N""" 
developing ear was recorded weekly; concurrently 
the length of the mainstem from the base of the 
ear primordia to its insertion above the upper-
most root was measured. The dates of ear 
emergence and anthesis were based on estimates 
of 50% of mainstems reaching these stages of 
development. 
RESULTS 
Cultivar 
The stage of development of mainstems of all 
three cultivars was m()dified slightly by treatments, 
but only the mean dates of well defined events 
are presented in Table 4. Development was 
delayed by irrigation, particularly where nitrogen 
fertiliser was also applied. Growth in height of 
mainstems and length of spike for the three 
cultivars are presented in Figs 1 and 2. 
TABLE 6 - Establishment (plants/m2) of cultivars 
(C) at different sowing rates (S) (LSD (5%): 33) 
CO 
Cl 
C2 
SO 
256 
181 
186 
SI 
453 
292 
393 
TABLE 8 - Effect of irrigation (W) on the mean 
number of ears/plant for cultivars (C) (LSD (i%): 
0.33) 
CO 
Cl 
C2 
WO 
1.17 
2.26 
1.71 
Wl 
1.59 
3.28 
2.14 
W2 
1.76 
2.38 
2.30 
Mean grain yields of 'Karamu' plots -(C2) were 
approximately 20% higher and mean straw yields 
about 30% lower than in the taller cultivars, 
with the result that the harvest indices of the 
semi dwarf plots were much higher (Table 11). 
'Karamu' plant populations were not affected by 
the irrigation treatments and averaged about 
290/m2 (Table 5). Irrigation treatments (Wl 
and W2), however, generally increased ear 
populations including those of 'Karamu' by more 
than 25% (Table 9). 'Karamu' ears contained 
more spikelets (Table 14), but because of a 
slightly greater incidence of barrenness, they had 
on average about one more fertile spikelet than 
'Aotea' and about 0.6 more than 'Arawa' (Table 
18). 'Karamu' plots had about the same number 
of spikelets/m2 as 'Aotea' and over 1000/m2 more 
than 'Arawa' (Table 18). 'Karamu' generally 
averaged 23 grains per ear, 3 to 4 more than 
;Aotea' and 'Arawa', most of this being attribut-
able to better grain set per spikelet in the semi-
dwarf wheat and to its greater mean number of 
spikelets per ear (Table 14). 'Karamu' grains 
weighed on average, 4 mg more than' Aotea' and 
4.6 mg less than 'Arawa'. 
'Aotea' and 'Arawa' were not significantly 
cHfferent in grain yields, straw yields, or harvest 
index (Table 11), but on 10 October 'Arawa' 
plots averaged over 100 more plants per square 
metre (Table 6). Low ear numbers of 'Arawa' 
partially compensated for the higher density, so 
TABLE 9 - Interaction between cultivar (C) and 
irrigation (W) treatments for ears/m2 (LSD (5%): 
65) 
CO 
Cl 
C2 
WO 
408 
511 
439 
Wl 
512 
684 
569 
W2 
545 
568 
582 
TABLE '7 - Interaction between nitrogen (N) and TABLE 10 - Interaction between irrigation (W) find 
irrigation (W) treatments for ear numbers/plant nitrogen (N) treatments for ears/m2 (LSD (5%): 53) 
(LSD (5%) = 0.26) 
NO 
NI 
WO 
1.76 
1.66 
Wl 
2.12 
2.55 
W2 
2.03 
2.27 
WO 
Wl 
W2 
NO 
466 
536 
542 
NI 
439 
641 
587 
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TABLE 11-Grain, straw, and total yields (g/m2) at harvest and harvest index (%) 
Harvest 
Grain Straw Total index % 
Cultivar 
CO 423 733 1156 37.2 
Cl 399 697 1111 36.6 
C2 490 494 968 49.2 
LSD (5%) 27 62 71 2.1 
Irrigation 
549 943 42.4 WO 396 
W1 474 735 1226 39.7 
W2 428 640 1066 40.9 
LSD (5%) 27 62 71 2.] 
Sowing rate 
SO 451 639 1093 42.3 
SI 414 644 1064 39.7 
LSD (5%) 22 52 58 1.7 
Nitrogen 
NO 435 587 1024 43.0 
NI 431 696 1133 39.0 
LSD (5%) 22 52 58 1.7 
Significant W x N* W x N* C X W** none 
interactions 
that at harvest the 'Arawa' plots .averaged 488 
ears, about 100/m2 more than 'Aotea' (Table 5), 
Grain yields per ear of 'Arawa' were generally 
. higher than 'Aotea' and this could be at least 
partially attributable to the presence of higher 
proportions of mainstem ears. The difference in 
ear yields between 'Arawa' and 'Aotea' was not 
closely related to the number of spikelets per ear 
or per square metre (Tables 18, 20), Similarly, 
wheat from 'Arawa' plots averaged only slightly 
more grains per ear and grains per spikelet than 
'Aotea'. Thus the main difference between these 
two cultivars was the 25% greater mean grain 
weight of 'Arawa' (Table 14). 
Irrigation and nitrogen 
The distribution of ammonium and nitrate 
nitrogen in the soil profile for unfertilised (NO) 
and fertilised (N1) treatments shows that the 
nitrogen status of the soils was considerably 
changed by the application of fertiliser on 30-31 
August (Table 2). The quantities of ammonium 
and nitrate in soils of unfertilised plots had 
increased from 42.5 to 93.2 kg/ha, presumably 
because of mineralisaHon (Table 3), 
Nitrogen fertiliser depressed grain yield by 
10% in unirrigated wheat (WO), gave a 7% 
TABLE 12 - Interaction between irrigation (W) and 
nitrogen (N) treatments for grain yields (g/m2) 
(LSD (5%) : 14) 
NO 
NI 
WO 
418 
374 
Wl 
458 
491 
W2 
428 
428 
C x S* 
W x N** 
increase with early irrigation, and had no effect 
with late irrigation (Table 12). Grain yields 
were raised some 10% by early irrigation of 
unfertilised (NO) and by 30% in fertilised wheat 
(NI). Nitrogen fertiliser had no effect on yield 
of wheat on the late irrigation schedll1e (Table 
12). There was also no significant nitrogen effect 
on straw yields in unirrigated wheat, but the early 
irrigation treatment (Wl) increased straw yields 
by 19% in wheat not receiving nitrogen and by 
48~/o in those plots treated with 200 kg/ha (Table 
13). The late irrigation treatment increased 
grain and straw yields significantly only in 
nitrogen-fertilised wheat (Tables 12, 13). Irriga-
tion increased tiller survival so that ear 
populations were' greater at harvest (Table 5). 
Assuming no plant mortality, the early irrigation 
(Wl) raised the mean number of ears per plant 
of 'Arawa', 'Aorea', and 'Karamu' by 36%, 45%, 
and 25 %, respectively, above WO plants (Table 
8). Thus the early irrigation (WI) had its 
greatest effect on ear survival on the latest 
developing wheat, 'Aotea', and its least effect 
on the earliest wheat, 'Karamu', The late irriga-
tion (W2) also increased the number of ears of 
'Arawa' and 'Karamu', but in 'Aotea', the latest 
TABLE 13 - Interaction between irrigation (W) and 
nitrogen (N) for straw yields (g/m2) (LSD) (5%): 
88) 
NO 
NI 
WO 
532 
567 
Wl 
632 
838 
W2 
597 
684 
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TABLE 14 - Components of ear yield 
Wt. grain/ear No. grains/ear (g) 
Cultivar 
CO 0.89 19.9 
Cl 0.69 19.3 
C? 0.91 23.1 
LSD (5%) 0.05 1.2 
Irrigation 
WO 0.88 21.7 
Wl 0.83 21.1 
W2 0.77 19.4 
LSD (5%) 0.05 1.2 
Sowing rate 
SO 0.91 22.7 
SI 0.74 18.8 
LSD (5%) 0.04 0.9 
Nitrogen 
NO 0.86 20.9 
NI 0.79 20.6 
LSD (5%) 
Significant 
0.04 0.9 
interactions S X N* None 
developing wheat, it only resulted in a 5% 
increase above plants from WO plots. These 
changes were reflected in the numbers of ears 
per square metre at harvest (Table 9). 
The early irrigation treatments (W1) decreased 
grain yield per ear by 4% in u,nfertilised wheat 
(NO) and by 8% in wheat fertilised with nitrogen 
(N1) . This treatment (Wl) had little effect on 
the mean number of fertile spikelets per ear or on 
the mean number of grains per spikelet (Tables 
TABLE 15 - Influence of sowing rate (S) and 
nitrogen (N) on grain yield/ear (g) of wheat (LSD 
(5%) : 0.05) 
SO SI 
NO 0.96 0.76 
NI 0.86 0.73 
TABLE 16 - Interaction between fertiliser (N) and 
sowing rate (S) treatments for mean number of 
spikelets/ear (LSD (5%) : 0.3) 
SO SI 
NO 14.0 13.4 
NI 14.2 14.0 
TABLE 17 - Interaction between cuItivar (C) and 
irrigation treatments (W) for mean grain weight (mg) 
(LSD (5%) :. 1.2) 
WO Wl W2 
CO 'Arawa' 45.7 43.8 43.7 
Cl 'Aotea' 37.6 35.2 34.9 
C2 'Karamu' 39.7 39.3 40.3 
No. No. Mean grain 
spikelets/ear grains/spikelet wt. (mg) 
13.7 1.46 44.4 
13.4 1.44 35.9 
14.5 1.58 39.8 
0.3 0.08 0.7 
14.0 1.54 41.0 
13.8 1.52 39.4 
13.8 1.41 39.7 
0.3 0.08 0.7 
14.1 1.61 40.2 
13.7 1.37 39.9 
0.2 0.06 0.6 
13.7 1.53 41.3 
14.1 1.46 38.8 
0.2 0.06 0.6 
S X N* None C X W** 
14, 18). Thus the decrease in ear yield is 
mainly attributable to smaller mean grain weights 
(Tables 14, 17) . The late irrigation (W2) 
resulted in substantially lower grain yields per ear, 
14% in unfertilised wheat (NO) and 15% in 
wheat treated with 100 kg N/ha. The late 
irrigation reduced grain set per spikelet by 10% 
and also resulted in slightly reduced grain size. 
Overall the early irrigation (Wl) increased grain 
yields by ensuring that more tillers produced 
harvestable ears. The late irrigation was delayed 
sufficiently to reduce both grain set and tiller 
TABLE 18 - Mean number of barren and fertile 
spikelets/ear and the mean number of spikelets/m2 
Fertile Barren 
spikelets/ spikelets/ 
ear ear spikelets/m!! 
CuItivar 
CO 12.13 1.54 6649 
Cl 11.69 1.73 7888 
C2 12.69 1.86 7708 
LSD (5%) 0.40 0.22 523 
Irrigation 
WO 12.24 1.80 6348 
W1 12.23 1.53 8100 
W2 12.04 1.80 7797 
LSD (5%) 0.40 0.22 523 
Sowing rate 
SO 12.44 1.65 7088 
SI 11.90 1.77 7741 
LSD (5%) 0.32 0.18 426 
Nitrogen 
NO 12.00 1.70 7035 
NI 12.34 1.72 7794 
LSD (5%) 0.32 0.18 426 
Significant none C X N* C X W* 
interactions W x NU 
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TABLE 19 -- jnteraction between cuitivar (C) and 
nitrogen (N) treatments for mean number of barren 
spikelets/ear (LSD (5%) : 0.31) 
NO 
NI 
CO 'Arawa' 
1.48 
1.60 
Cl 'Aotea' 
1.61 
1.85 
C2 'Karamu' 
2.01 
1.70 
TABLE 20 - Interaction between cultivar . (C) and 
irrigation (W) treatments for mean number of 
spikelets/m2 (LSD (5%) : 905) 
CO 'Arawa' 
Ct 'Aotea' 
C2 'Karamu 
WO 
5594 
6960 
6489 
Wl 
6914 
9164 
8221 
W2 
7439 
7539 
8414 
survival. Data on mean numbers of all 
spikelets/m2 (Tables 18, 20, 21) largely reflect 
changes in ear populations (Tables 5, 9, 10). 
Sowing rate 
The low sowing rate (SO) gave an establish-
ment of 208 plants/m2 and the high sowing rate 
379 plants/m2 by 10 October 1973 (Table 5). 
'Arawa' populations were much higher on that 
date than those of the other two cultivars because 
of superior establishment (Table 6). About 
70% of the viable seeds of 'Aotea' produced 
living plants when sown at the lower rate, but 
only 56% were successful at the higher seeding 
rate (Table 1) . The poor establishment of 
'Aotea' at the higher seeding rate may, perhaps, 
reflect low vigour of the seed, possibly related 
tu its small mean weight (Table 1). About 73% 
of viable seeds in SO plots and 78% in SI plots 
produced living 'Karamu' plants by 10 October 
(Table 1). 
Grain yields were depressed significantly (8%) 
by the high sowing rate treatment (S1) (Table 
11) . Although higher plant density ensured 
nearly 60 more ears per square metre at harvest 
(Table 5), it had no effect on mean straw or total 
above-ground dry matter yields, but slightly 
reduced mean harvest indices (Table 11). 
Grain yields per ear averaged 0.91 g at the 
low sowing rate (SO) and 0.74 g at the higher 
rate (S1) (Table 14). However, the depression 
attributable to high sowing rate was 30% in 
wheat whieh did not receive nitrogen fertiliser 
(NO), and 15% in nitrogen-fertilised wheat (NI). 
The high sowing rate (S1) resulted in a highly 
significant reduction in the mean number of 
spike lets per ear in· ears of wheat when fertiliser 
was not applied (Table 16). 
Grain numbers per spikelet calculated .for the 
low sowing rate plots (SO) averaged 1.61 cam-
pared with 1.37 for SI plots. Thus the r~duction 
in grain yield per ear caused by high sowing rate 
is largely accounted for by the 15% decrease in 
grain set. Ears from low sowing rate treatments 
(SO) averaged, as a result, 22.7 grains per ear 
but only 18.8 from high sowing rate (S1) plots 
(Table 14). Sowing rates had no significant 
effect on mean grain weight. 
Relationships between components of yield 
Simple linear correlations between grain yield 
and its components for all data revealed that 
mean grain weight accounted for the smallest 
amount of the variation in grain yield and the 
other three components had similar and higher 
correlation coefficients (Table 22). When fitted 
against grain yield by stepwise linear regression 
spikelets/ear, ears/m2, grains/spikelets, and mean 
grain weight were ranked in this decreasing 
order. 
DISCUSSION 
'Karamu' out yielded the New Zealand cultivars 
(Table 11) primarily because it had more 
spikelets per ear and more grains per spikelet 
(Table 14). elements et al. (1974) also con-
cluded that 'Karamu's' superiority was largely due 
to higher mean ear yields. The basis for the 
advantages of semi dwarf wheats are not well 
defined. Fisher (1973) and Holmes (1973) 
suggested that it lies in delayed development of 
double ridges in the apical meristem. Lupton 
et al. (1974) put forward the idea that the ears 
of semi dwarf wheats develop earlier and faster 
than those of standard cultivars. These authors 
also concluded that the size and rate of develop-
ment of the ear and ear primordia are amone: the 
r ABLE 21 - Interaction between irrigation (W) and 
nitrogen (N) treatments for mean number of 
spikelets/m2 (LSD (5%) : 739) 
NO 
N1 
WO 
6436 
6259 
Wl 
7267 
8933 
W2 
7402 
8192 
1 J\ULt L.L - ~lmple correlation matrix for log. trans-
formation of compoqents of yield 
Component 2 3 4 
1. Ears/m2 1.00 
2. Spikelets/ear 
3. Grain/ 
- 0.10 1.00 
spikelet - 0.50 + 0.27 1.00 
4. Grain weifcht - 0.49 + 0.07 + 0.10 1.00 
5. Grain yie d + 0.40 +0.44 + 0.41 + 0.10 
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most important characters to be considered in 
breeding for yield in wheat. 
'Karamu' ears had more spikelets than 'Aotea' 
or 'Arawa' ears when sown in spring, but all 
thr~e cultivars had more and similar numbers of 
spikelets'per ear when sown in winter (Dougherty 
et al. 1974). When planted in the winter 
'Karamu's' advantage in spik~lets per ear was 
considerably reduced. The vernalisation and 
photoperiodic responses of these wheats probably 
accounts for the differences (Rawson 1971). 
During the period of rapid ~argrowth the 
main competing sinks are the elongating stem 
internodes (Patrick 1972). Bingham (1972) 
observed that lower growth rate of the stem of 
a dwarf wheat was not apparent until a week 
before an thesis , anct he surmised that floret 
growth rates and grain set were likely to be 
affected by assimilate supply about 2 weeks 
before anthesis. Lupton et al. (1974) noted that 
the later stages of preanthesis ear development 
were critical in yield determination. Thus the 
yield advantage of semidwarf wheats may arise 
from a more favourable distribution of assimilate 
in the direction of the developing ear. 
Another advantage of 'Karamu' may lie in 
its early conversion to a reproductive state 
(TabJe 4) and, consequently, reduced tiller pro-
duction, since this process ceases or slows to a 
low rate at or about internode elongation (Langer 
et al. 1973). 'Karamu' produced fewer tillers 
per plant and had lower rates of tiller mortality 
as a consequeqce. Thorne & Blacklock (1971) 
also noted that tiller survival of semi dwarf wheats 
was superior to that of standard British wheats, 
and Bingham (t 972) attributes the high-yielding 
ability of new British wheats to restricted tiller-
ing capacity and improved tiller survival. In 
contrast, Clements et al. (1974) noted that 
'Karamu' had similar tillering, patterns to other 
cultivars and that there was no evidence that 
semidwarf wheats could support higher tiller 
populations. It is our current view, based on 
earlier work (Scott et al. 1973), that tillers which 
do 110t survive to produce a harvestable ear 
reduce grain set in the remaining ears, probably 
because of decreased supply of assimilate to the 
pre-anthesis ear. These responses of 'Karamu', 
in comparison with those of 'Arawa' and 'Aotea', 
reinforce our view that a major limitation of 
New Zealand wheats is their restricted ability to 
form grains from the eight or so florets available 
in each spikelet (Dougherty & Langer 1974). 
Both irrigation treatments (Wl and W2) 
increased grain yields by ensuring that more 
tillers produced a harvestable ear (Table 9). 
Differences in ear population at harvest normally 
account for most of the variation in wheat yields 
in Canterbury (Scott et al. 1973; Drewitt et al. 
1973; Dougherty et al. 1974). Water stress, or 
irrigation (W 1), had more impact on the latest 
developing' Aotea', probably because of its longer 
duration of tillering, for, as Langer et al. (1973) 
note, tillering virtually ceases about the time of 
internode elongation. 
Tiller mortality was high in the period between 
20 November and 3 December, especia1fy in plots 
which received nitrogen fertiliser (Table to) • 
Although rainfall records show water stress 
intensified after the critical phase of 2 weeks 
before anthesis (Fischer 1973), it seems probable 
that grain set is less sensitive to water stress 
than tiller survival. Lower order tillers are more 
likely to succumb to water stress, as their root 
systems are usually less well developed. Later 
developing cultivars should have proportionately 
more lower order tillers and, consequently, may 
be more susceptible to water stress. Thome & 
Blacklock (1971) also observed that semi dwarf 
wheats have better tiller survival and are also 
generally earlier maturing. 
Water potentials of ears ana leaves of the 
wheat were measured during December and 
related to various environmental parameters in a 
separate study (Martin & Dougherty 1975). Water 
potentials of wheat ears from irrigated plots were 
frequently below -10 bars. In 'Arawa' wheat 
from both irrigated and unirrigated plots, water 
potentials of leaves were frequently less than 
- 20 bars during typical December days. Values 
for leaves and ears wete similar at sunrise, but 
as the day progressed they declined at a slower 
rate in ears so that they were as much as 10 bars 
higher than flag leaves during much of the day. It 
is difficult to translate water potential data into a 
quantitative measure of plant water stress, but it 
appellrs likely that these values do not represent 
stress with respect to tiller mortality. Fischer 
(1973) used similar methods and found that 
vegetative structures such as leaves were more 
sensitive to water stress than reproductive pro-
cesses such as grain set. This reaction of wheat 
iR also reflected in the greater response of straw 
yield to irrigation (Tables 12, 13). The develop-
ing ear of wheat may be protected from water 
stress by its physical properties and by a 
mechanism known as osmoregulation (Hsiao 
1973) . 
Althougn early Irrigation (W1) increased 
ears/m2 at harvest, it did not have much effect 
on the other components of yield (Table 14). 
Normally spikelet initiation occurs at a time when 
water stress is unlikely in Canterbury and when 
competition for assimilates is less intense than 
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during later stages of ear development (Patrick 
1972). Grain set per spikelet, however, maY'be 
modified by the water relations of a crop 
tFischer 1973; Dougherty et al. 1974; Dougherty 
& Langer 1974), but in this instance (Wl) grain 
set was -not affected (Table 14). Grain set is 
determined over a relatively long period of the 
life cycle, approximately fl'om the double ridge 
stage until after anthesis, a ~eriod of about 48 
days in this example. Fischer (1973) noted that 
grain set was psrticularly sensitive to water stress 
5 to 15 days before eat ernerlence when the ear, 
anthers, and carpels at'e elongating rapidly. Water 
stress at this stage clIuses abnormal anthers and 
considerable male sterllltV In WHeat lIoretll. THUs 
the most sensitive stage of wheat floretll to water 
stress may coincide with theit critical stage for 
assimilate supply. 
Grain set per splkelet waS poorer in wheat 
irrigated late (W2) than in the wheat from 
control plots (WO) and es .. yields were lowe .. as 
a consequence (Table 14). In another situation 
involving the ssme three wheatll we attributed 
an irrigation-induced depression in grain set to 
the diversion of assimilates away from the ear 
(Dougherty et al. 1974). Fischer (1973) also 
suggested that the effects of irrigation on grain 
set may operate through assimilate supplies and 
distribution, 
The yield responses to irrigation under nitrogen 
fertilisation were approximately 24% for wheat 
on the early schedule (W1) and 14% on the 
late schedule (W2) (Table 12). Irrigation of 
autumn-sown wheat on Wakanui silt loam has, 
however, given variable responses from depres-
sions (Dougherty et al. 1974) to increases (Scott 
et al. 1973). Irrigation responses, however, tend 
to increase as planting of wheat is delayed on 
Lismore stony silt loam from late May to late 
July (Drewitt 1974). Wilson (1974) noted that 
wheat on Templeton silt loam was more respon-
siv~ to irrigation when sown in the spring than 
autumn. 
Grain yields of wheat grown at the high seed-
ing rate (S1) were depressed by 8% primarily 
because grain' set was· reduced by 15%, and this 
was not wholly compensated by higher ear popu-
lations (Tables 5, 11). In a similar eXperiment in a 
higher yielding situation, we found that poor grain 
set in wheat at high sowing rates was associated 
with high leaf area indices and low net assimila-
tion rates during preanthesis floret development 
(Scott et al. 1973). Fischer (1913) noted that 
grain set in wheat was depressed by shading 
between 22 days before and 5 days after ear 
emergence. He also concluded that carbohydrate 
supply to the developing florets was critical. 
Wardlaw (1970) also found thst shading for 10 
days after anthesis reduced grain set. 
elements et al. (1974) raised the sowing rate of 
spring wheat from 77 to 284 kg/ha and found that 
the increase in ear populations was partially offset 
by a reduction in the number of grains per ear. 
They also noted that at conventional sowing rates 
more than 9.5% of the total grain yield was pro-
duced by the mainstem and two earliest tUlers. 
Thus it would seem likely that the reduction in 
mean number· of grains per spikelet observed at 
the higher sowing rate was an indication of 
reduced grain set and not related to changes in 
the structure of the ear population (Bremner 
1969). 
Nitrogen. fertiliser depressed grain yields in 
unirrigated wheat by decreasing the mean ear 
populations at harvest (Table 10). Generally this 
effect has been attributed to the intensification of 
wster stress by the accelerated use of soil water 
by wheat crops in which evapotranspiration rates 
are increased. This response, known as "haying 
off", has already been observed in nitro~en. 
fertilised wheats on Wakanui silt lo~m 
(Dougherty 1973). Nitrogen fertiliser increased 
yields of wheat on the early irrigation schedule 
primarily by increasing ear populations at harvest 
(Table 10). 
Nitrogen fertiliser also increased grain yields 
per ear, particularly in wheat growing at the 
lower sowing rate (Table 15). The origin of 
this response appears to be partially attributable 
to the nitrogen-sowing rate interaction for mean 
number of spikelets per ear (Table 16). Langer 
& Liew (1973) found that spikelet numbers 
depended on nitrogen status between the double 
ridge stage and floret initiation. Thus the reduc-
tion in mean numbers of spikelets per ear 
observed in wheat grown at the higher population 
density (Sl), in the absence of nitrogen fertiliser, 
may indicate that spikelet numbers were limited 
by nitrogen nutrition (Table 16). 
Nitrogen fertiliser also reduced grain set per 
spikelet and mean grain weight (Table 14). In a 
previous experiment with' Kopara' wheat we attri-
buted poor grain set associated with nitrogen 
fertilisation to decreased supply of assimilate to 
the developing ears (Dougherty & Langer 1974). 
Thus, the response may have been, perhaps as in 
the 'Kopara' experiment, a consequence of 
nitrogen-induced competition for assimilates 
between vegetative and reproductive organs, for 
nitrogen fertiliser increased straw yields by 32% 
and grain yield by only 9% in wheat subjected 
to the early irrigation treatment (Tables 12, 13). 
Langel' & Liew (1973) noted that better nitrogen 
nutrition increased grain set in 'Arawa', and 
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Langer & Hanif (1973) found that the rate of 
floret development in IHilgendorf' was accelerated 
undel' improved nitrogen nutrition. 
In this experiment, however, nitrogen fertilisa-
tion at high sowing tAtes increased spikelet 
numbers and decreased grain set. Our results may 
be explained by a declining availability of 
nitrogen dUdn, the time of floret growth so that 
growth rates 0 florettl fell and fewer reaqh~d the 
critical size for poHination. Rapid changes in 
the availabillty of plant-available soil nitrogen 
are likely in the soUs of the Canterbury plains 
under wheat (Ludecke 1974). 
It is also possible that nitrogen fertilisation 
depressed overall nlean numbers of grains per 
spikelet (Bremner 1969) by increasing the propor-
tion of lower order tillers which have generally 
poorer grain set. ThtlS the production in grain 
set in the ear caused by nitrogen fertiliser could 
have been attributable to changea in the structure 
of the tiller popUlation and to the reduced avail-
ability of metabolites in the ear. 
According to Ludecke (1974), yield responses 
of autumn-sown wheat to nitrogen fertiliser may 
be correlated to soil nitrate nitrogen levels in the 
0-60 cm depth. When this relationship is used 
in association with th~ levels of nitrate nitrogen 
iii this zone on 27 September 1974 (Table 3) 
a yield response of 7.7 % would be predicted for 
recommended rates of nitrogen fertilisation. 
Nitrogen fertilisation depressed yields by 11 % 
in unirrigated plots, increased them by 7% in 
wheat irrigated early, and had no effect at all 
on wheat on the late schedule (Table 12). Thus 
Ludecke's relationahip appears to hold for this 
spring wheat situation providing water was not 
limiting. Prom the results of this experiment and 
others concerned with the nitrogen fertiliser-soil 
water interaction (Dougherty' 1973; Dougherty 
et al. 1974; Dougherty &; Langer 1974) it seems 
likely that the. yield response relationship 
developed by Ludecke (1974) will be highly 
dependent on soil water status and, therefore, 
soil type, season, and irrigation practice. 
CONCLUSIONS 
1. 'Karamu' appears to have an advantage over 
'Aotea' and t Arawa' when spring.sown in that 
it produces more spikelets ear and sets 
more grain per spikelet, eae. advantages 
are less marked in winter-sown 'Karamu'. 
2. Wheat yields in Canterbury are not often 
limited by sowing rates but I.re quite depen-
dent on tiller survival. Ear populations of 
spring-sown wheats caimot be established and 
maintained at densities which are hlah enough 
to produce yields as high as wheat sown in 
winter. Restricted tiller production "nd 
increased tiller survival would appear, on the 
basis of our work, desirable traits for new 
cultivars. 
3. The responses to irrigation confirm our 
previousresu)ts that its major effect is on 
tiller survival and indicate that spring-sown 
crops are generally more responsive to irriga-
tion and more susceptible to water' stress. 
4. On Wakanui silt loam responses of wheat to 
nitrogen fertiliser depend on the level of 
plant-available soil nitrogen and soil water. 
There was no evidence that the responses of 
spring wheat differed from those of wheat 
planted .in the winter or that the nitrogen-
water interactions were different. 
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